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<jLSLa j>LCy UjA di — u <j4.lt oj J <>* 

J 3 V c^jS ^^-Ul 4 (Natural selection) 

U^uajj .j^iaUt 2L2luL>J L « lr I ji'" ^3 3j_a 
^1 Lii» otj uU»J* o-^'j J-J -^L? 



|sg| 

fiifll 

****** 

-.- 



ia» 



y-r - 
.'■t'.' 



f 



a*,uWt j-5ii>J a_s5jL*j 

«jJJjf liA t^l 
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j£.jX\ Ijlaj J734^UJ1 l,i;lij< ,„f^ ^L.ijlii^ ^ ^y^JLi t( j_jj 
L>~ UjJb. oLp^L. 1756 f L^JI ^ ^1 JjU ,„% 6 f J-^ 

. UojL^ J^J J-^kJ! ^jVl S ^kiJI ^fcj .«c^ <_A^> J^U* 
VjJ^. ILuUd 1 766 ^UJ! JiiAI j < j^T t ^ <*J 
•cr^ij 2-^JI *3£UI aj}L>JI a^LuD iijA^ ^ ^ VU! oji^t 6^ 

^ OiHjf ^4i>^ cliLIjjJ ( * } jj-IAjjA U****' j^? 

3JU ^Lil ^juiJI ^ 2LJUI ojj-^l ^ Jji— XI iiJij <gLa 

( J^k^SU jjj JjUx L^uj ^1 3 m^, , I! ^j^UI ( ^j > 4lll j CjIjI JuaVl ,1^ 

1767 f UJI <>j . JU—i ^ L^ULp^U J^k^Vl <>i_^ 

c*^:tj * ipuij jij^jj^ a^u* o— ° cr^j *cU» l^j 1 —^ £jt>» 

L? oaj Lw^ <>l J^jJjL-Ai (jjlU <>) 1769 f UJI ^ 4-J 

^| j^j jj^L-j 1 1 778 r UJI . L>. y^| jju 

4 3jL2J| VUI ojj^l ^ ^J>— U^jL^j ojLhfL. JUn-Au 
«UIl» ^Ul a^*U a^ilj , JL^ ^^j—c^^j 4^JJLI 5J>UJI 3 'r ■ 

<jt -GU^j^ l^J jl>iJI 3^iJ e^-^iJI J^Vl 5jl^L_^ 6 j 
JUI o* \jJ$ (vj^l ^ ur^Lk^l SjL-^ (> ^b :1 

f UJI ^? ^ L» ^1 ^JLJLI Ijuk ^L^lj t ( * #) <d 4j jui 

^tJI ojLaiJ j^,Vl u^i) ^ju^ atljiJ LSSj o5UJt i»U*H ^ oA>LAl< ^L33j ^S^^JI 

. J^l V U^JI ^ ^ ijSHI i^cJI ^ a^jtiJL JU-^JI 

(**^ * V"" 5, ^ «^"y (**^ uJ oli iJU Sj_JLv JU-^I l^Li J_y 
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, J^Vl J**JI ^ ^L23 ^ «ulji-u, ££13 ^ tfl 1782 

Cfi\ l<|o j) ^jL_£ jlij^ <> tfJ>jt>tf £?b cr^ S J^ *0« J* 
^jU j^i ^\ ot JJL>^ *~»^ c> f 1 ^ 1 c^*J 

1791 r UI 5U.UJ1 ^ ^) Ijlo. ^ttH J±J >JjL£3 (ol^j 

jij *^ * 1792 ^ Ljjjt *u:L Lh*j>u aii» Mi^ 

>Lwj 1794 <ya jt^b .2jjMI ajtw Jt o-jjL» oj-a 

<y& ^aj 1 1796 jAh J* t>#\ Ja£ o! tP! «j— 0* 

JZblj .£u.«n. (J..M..MI f U JJUJ . SUUdl 4-** 4_^jU» 

. 1797^^14^^^ J^jL^ 
4J&]j . 2LU11 2L« jjdt J* <uA»j ^Lb 6^ L*4> olj— «l^Jtj oLJJI ^ 

■-. jJ^JulA 2uu^\yL* ~<L*lc 4_^ujJua JZol 1810 j* UJI ^ 

cju-s cLjL^ J**J 1813 fUi ^ a^jjdl ^ tiJ>ij .f> ^1 

4J^) 4_j^!j 4^1 ^ 1815 r L^JI ^ IjufcjS^t >Jjl_^ jljj 
i(U U^j 1«Sjj (PJt S j — ^Lu^ SjLjj ^ cAx^Jm\ 4^L^1 
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IjKj ^1^1816^!^ ^ jj^Lutf 4*21 SjLyi 

.(ai^ij) isiat ^ ^ viu^ ^ 

4x^ui <> JO*iJt <> (jUJ J^) jSlj C^j— i <«L*j (( ^iAlt 4»jS)t 

1 1817 r UJI ^ UJ, 1816 f LJI «> UJ .«Uj-jJ^I J\ J^ju,» 

6- J*P e^i i^j *uj2U jiai jL^t ^ 6 k J^>W 0 t d^ij 

1784) ^M^. r LJj ^julUI j* ol j^Ulx Jbuti* ^ 

^-'j '1817 <Jll«» jMi. ^ <«Lv ^ (1856 - 

- 1764) r LjJj ^ jj| J_^| J>U ^ 4_aUL*l , JJjL ^ 

>5a <>x£]| j>«JI ^Ijt ^ cil ^iiU L^L^ it^u, ^ ( ( 1839 

6^ Jjl ^a-fl^^A .«^jj^V! L^jJj^I cjU^j^I 

^ j^V) Ja^i 6 f ^ ^jjj ^ ^ ,1815 ^\ Sjl> AUi i 1 1 ^4 

^M^» . Jl!uf (> 4J ,^Uj UJjl jG o? J^- a^LJI 43^U 
e^jL^j ^816^1^1^1^^^ 

la^ijui 4jMU U«JLlJ S^JLaj SjljJLv *Luf 4jjJ t^jjsljj jl 

.OjS^ JUaL r lSj 3jU>J| objSLuJUI 
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t. 
-u* 



JlaLUIL 4aju£. ^LLuLj £->lj9 i(UL>o! I Ju1jj£ — cut J£j 

L^uajSj^l Juj jJjl ,Vi lxO ,1818 ^L*J! ( hun .4l^>Jl 

'"tt . Ljjjf SjLjJ 4*i<Trt*l fjlc 3j>-La<j 4-L>*j ^jjj jaJLuaJi (JjjJ jJjl — «!uJ 

(Jardin des Plantes) «ol3LUI 2LHjj^» s jL>J jJL^Vl jJjLi^J i^UI 

CT Iiij La U* .LJUajj JU-ij Ij-^jj^ SLUjJI 

1 1 8 19 ^UJI ^ Jj-J . Luij j^Jk J!u 4 L o> <j x* 

^S^LJl^ bf jVSj^SU^ I i LLj>^ JUS 'i?) (jJ^^^v^j^l 

Sjl Jjl JLu - 4_uL ^IjGSVI (jJ>ld cs— ^ S^LiJI <jj_jUJ1 

j^jUj) JlJI JaitJ 4j><SLa J-JIjj ^ iiiSjJI Jj.nl nl M IjljJ ULI. I 
jjjl i3 A . (frL^JL SjLj 4j39 ^ ^ J$ <jj>. 4_J^ jl 

t L^VT (>a L^iieJj ^ <>tVt (^-^ j^Vl J_jJ 



13 



«GLuiljJ JjUJ JjJ jLc . JjJLUI udJ^JI <"«rtrt>. fi'jJb ^LgjtTu-uVlj 2Lv| jil 

1821 j»L«JI cJu^i. tLiajf 4_jj»jLc 4 /m r oM£ ^(jSJj tSLj^jUJI 

{y* JJ>£l — 3& <jr^ <(jr^J^ '*J — ujVI <->-laJ AJj^L SjL)j ^IS 

<-«x> - tj^j'-* <— »jb-u JlLaI <jr l£. 4_l*.Lj ui <U^sej ^La ^ - - ^LlJI 

- 1 790) JajU (jjjjU£. (jJLt l_9 jJUJ C*j-y >AJLu» ^ i^JjlflJI «CLuujJUB jlj 

<l£J$) L$U Lo.^Jjj^j Ulj^v J^U <jl^j 'j^L" 'o^J J* (1825 

' cr^J >£>^' o— * o^L^I <jr* ^ — ^jJjj (jJbLl Jj-J 
Lo>jJj-ia1J 4_l^j AjuulC CjM< hio fj^J * 1821 ^L*J1 ^ <-uJ-i 

.4J 1^. SUUJLI jli3l «> jj<^,!l ^ 1822 r LJ1 J*^L 

ij^ La C-A^j ^1 tiJ — IIx£j iL £j2JI tfJLA (jf (j^juij j I I JtJjU (juj ,4_J^a 

((1857 - 1787)^ujjj^^LJj Jlfuf ^ Lc^jJ^Jl ^Ulc <ux.ju ^-—u^>\ 
fjju <u| ^ L^jt ^| (j^U jlS^L t jilLa JI^jV jl^ ^ ^ jJI 



14 



ieijijfaJtSjfMf 



1 * A<j La t j ^ j ^ 'f j 4_ujjL2JI 4jI LdJjJ ^jyJui (J^JJ-I *_j — tblj 

SLaLJlt Liilj JUu {J^jUj (j^J < 1822 jjU ^ SU.Crsll ^Ut Lt^ljba 

j»L*JI 4JSJ '(^jLc- j 3tj 3jwjj>-j SjJlaJ (j^Jj) ^LsJLI ^ l — «I 

SjJLl jufe <_ r H2JI dup.) tttflA 4_jjL) SjJt ^jyuJjL SjL_^_) j^inj 1S23 

Sj-^J! ^ SuSjlSJI ^SU^I ^tj-u^( a_u,!jjL. Llx» Ub.L JIjjV ^jJ! 
«a^-ji^l 2UwJt S J l4 <:r -fl^jL_i Jj ^(Catastrophist 3lu^jV| 

tiU j Juuj *£jUJl U-Mif — Jj JUU I4J LLlaI j-aVl Jj! J-*£. tL_p- 
LgZo^&L) 4JLvjJI a J & Cjjj^j . ^j^JjjJ SjJ, L^H — uiLjj <jrlP 4JLjjJo Sj — Haj 

- (jl jjUJI ^ o! ^uaUJLl ^ jljjuiU JjJ — uil 4i-#>.) 4JJLJI 2U»LJI 

luJj^II *U1*J1 (j-a JuJiC <Lcl o "cw I £)A M - CiLiLill 4 j 

jl^ < 1823 r uii ^ ai*.^! a^Vi ^ Sj^Uj 

^ui\ jJ-<^>o <JjL>o 4.>_lak» 4jjL>JI 4 Mrt — u/ £^La ^^Lc 4j^_lL>oV! SLuLlt 

tfJLA ^Jil^Jj . 4_til jja ^1 Jj ' m 'Q* (^>- jUoujI (jjj kIi^ 4.C.I ui 5^ 

(j? 4jLi Jj» ^jJl j ii_<£aSj*l £Ua3 ^yLl. (— iVl «^"Vl jjLlj £jl uulj SjjIjJII 

!ju ^ jJI ^UJI j^4>j 1 1825 ^1 aji ^-laTlj ^LsJI J^jjJ ^JLc t j jj 

jijjw Uj.t.^j 4l« ^ 4 j t [4I ( a m<j Quartlerly Review j j\> 

LTHHJ -6-^ SJjJLv 4jusLv. 4-4l^Lt JiU t>J *4x<j£. L-iLuaSj 

cW JL4U1I JuLc (jl ^JlILi >J JL>. j . 43 La 1^/1 JjLSvs <LJLa CjLsISL* 4J 
<j ,^sj <j\£ I jj La L; ^L>. Lsbuslj (j-u^j) 1 Jl>- SLaLsJll JLfcja 

<i_ujljSJI jt iCatastrophism (♦) 
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Oj&lj .c_»LSJt 3Lp. ^ ~k+4A o^L± JLw JMSi^VI Ijut M t «uk. 

£^9 4j — uitj 3^51 J jliaj! Ccfljj (JjjJ ^ ml cJajw. Lusj! ^jjjt j£ iLseJ» 

JLo£ i<_jjI£& OltAjja t_a ^jj . <>JUJl>. LSLflT 4) Jtlfl La j-Aj - j-* n^*"M 

£j— & (*J <>*J Lj^jJfcpJl t_)Lif> *-iuJtj 1827 ^ I — (J1 j-llauu ^ jj <9 

. 1828 ^ LJ1 ^ <d 4^k.^j£p> 5->^l . h<" i J &u j j — tj ^ £>A? (j! 
^ jUj ini JI33V 3LpJ1 j>*l ^ of >L ^1 cj! >uuJI <jt L-fc-'^t j 

I JuloIj3 1828 jjLo ^^js (JjaJ j^L-u-uj . ^jlitjJI u-ijLaJI jjjtA <jja ^uLjJI 

^u^UU^aUijuuLwjliV! >L^j 4 ( 1871 - 1792) 

(jl^ jJl) tjj) < a j 'njjj» -ii-C ^ j <t*ij m Jn^ — <fu 4jL^j (jr^J * 4JLjLa*»4 LaLllII 

Cr*l lW 5 £j Ulu ^ IjjL <>» 4,i^.,rt,i 

* WjJjf Cr 1 ! JjVP'j Cr*^*^ JoL-^JiJ ^j^» cj^s! ^Jfc^ 

(JjLuJI ^ \ ^"K «* {jldjVl (jLi 4ju^? La 4^Ukj JUbLl J 
Jul cl^j J^>\ 3 it j^\ 4 irUjS^jj^ LkljJ^I L«jijoLU*Jt ^J^fc 

4_ul JLtll 4 «IjjJt (j t j^jJLj j^J^-j . I Jl>- 4 L^ls 4-tLaj ol ^ J a 

^,111 S^SLiJI 3^«-» <^->LU JjJjJI C^aJlS (^ylli JjJ I4J ^pJl 

^UjS ujj ^ ituj ^ jutLij .^jVl L^lLw oj 2 ^ ■ SJL> - 
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J_2u — ui I J tLaJLS imC J-iflJ V ,i rt > i4j£tjj Lb ji 

4 ii jU Jjj-® ji-«UJ <4_u-SjLJ1 4 — ajl^j-xJI ^^>JI (~\\ rt'^jj Jjj — 3 

£ytjs*us*J 4„tivl**>£ri a 4 ojI^j-jJI ^ -^aJI ^yi 4_ijLj jl — >J.I 

tllff Or) jjujj-jj jf cJijlll ^ uiXI Japi^U <jt£>pl ^>i-«J 

^ ,J jJI f^itL <jt "'j ^ <>5hj (peperino 
^jj Ory* iiJJjj 1 <jc *Ujl2JI ^jJ >h^J 

LtJJUL 4_ijl^jJ| ^4Qr.n Cj\ a£j3 ulu JL>- j? Ju V 4jI I j & 

tf^j-arj t t^'jl^'t juc ^Laa L^La J£ iS^J^- lS*^i3 '*>^ 
g-Lijjl <U ( njla ^LjiiJ Lcj4 dljj L»£ (jl^j-Jl ^d^u ^Lu 

Ij-lU IjJjv JjJ t-tb£ J t> U >A 4"jin^ |<u^jJ 4 — JJ JUj — uj( 

j^»j L^jljs SLpJI jf JU V uUj£ .oJUa L$j Jaa30 SLpJl <_flj^la j. a 

.tilij <1jJL»- <-a^ ^uAjhi (j? (jjC j *»r 4j? JLu 

U£ cjjli ^pJI ^juJ J^J jU. « 1829 ^jI >Ja j g ,0 J^i*jj 

4_ojLjj (jruj 4_Lu CiJLcL 4jj^]o <Lkj JL- ju dltjtj (3jll>- 4JLk <jr 3 I 

Juu ^ '^-j ^Jj .^jjuil Jal niitl £ya jju£ jJ^j ^"m*i ml ( < ~(j^-j i4_u^jLoJI 
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^ ^ ...r. jAiJL Uli*» t 4_j:ijJLl 2L^>UJi «G—^b- 1 ^ lj — ^ 

I jf£ JjS <>a JlkV j ,.m ^ ^ £j-^j-UJ 4l*L_«i 4j)j 4j^J 

SjU! ^ Jl2J ^jJjlj^ j^-iU *(ib>* cr 1 ^ 'jW 1 ^ £*JJ *^ 

1830jJjj^<1^>!j4»JI fcjL*» ^^C** Jj^ J^i 

MjLLs ^jlus Ij^L. q\ j—uJI I Ia <bl Ji^^bj) 
e^-j . ( * } UUJ Jj^l jULUI J-i^j .(«L^L^IU 

^liJI jJbJtl jjbus SLJjJlJI aJJt JUuj .Sj-U olui> LaL^j L-L^il tli/Sp 

juu J>\X\ jJbJtl jjJLu* j^t3 <ys ^ uH'^i cM' l& 

Sjujl*. <Lcju (>j-uIj) b^ U.L>ij c.j,rtl Ly ^\ cj! jjIsLsil ^ 4J LJ .< > > f-^j 

1833 ^Ltil ^ 'o (JLaj 4j! Jlu t( L^laju jjdtlaafcj *1 — «JiiU <» 

4" ,„jU-^ 4il 0^ y^** 4 ^ 2L *i>* UjL ^J ^j^J gj-ilj ^ 

. JL»£.L jklj^JVl (jjj j>ft <Lua*i JullmJ *JLU ^jt^U 

3jLcLuJL1 (j-a cr^-) C^*^ 4"' oijt a c- c^j L y*±*£ Jjl Jrf^b 

ajjL«» biasai ^liijji oty*u 3*^1 vj^i t^j-^ 1 o'y* 1 ' (*) 

. u^i ^lA, t^A; cy> (>fcj ^ t?'- 1 ^ •"«j^' 
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*(1864 - 1786) jj^A'jjlijJ Lp^j^l («uJLc 3Jat ^ ijjj^A tijL» 
uajJL» j^-iA Ujjj UoLjj (j_Ji. (jjJI j-aVl t^.^JjjdJI 4jL»U1aI <L&j1 ij 

<jl a*j 1 1832 ^LtJI ^ (jUjVi .jJjl n "i £ruj L^Juj 3ju* u> 2La}Lcj 

120 Ji3 ^1 l^ljUa^L L$*x ^jLa C^if Ulu i4JluJ\ ^ j* 500 

** ** *m m 

JjaJ Jio ^ Sj}L-C *4K I JlA J-L^Ll <jU _J>JI J . U)) ■ » LlJ j" rol 

£Uj| jju-m jJ^c^ ipHu^l dU jj 4 (VLAkt L*jj <J 

4jL^j i| .4 oiljiriH llJLlA |«J • jC^o Jio jJbuw ^jjijJj <dit 



Sj^^jlacuISj. jUjjJt £>Lu3L <CUjS^ ojl^ju (^jJI ijj^JI <-jjjv 3Ul,,.tl 
j»Uaij JU^J c . i , u.m j ^a£. C7 k. U.L*i*l t-JL-i tiul jl*L 1 830 ^ UJI 

•M I 

■Lu l ul ml CjLUtlil Cjjjvj h_.u<.cJI 4 _ 7 ic 4_<^4 *j J> ^ill i|«£L>JI 

ol^ JjJ 3JjL£i ot cijUajj) ^LijUaj^ * 1813 

Cjju-a jjJlSjj cjLuo- 'tSj-J-* ^IjJ^l tiJLlA (jSu ^*Jj 4 (*)jLi)fj 

Jifl j-IjL<ij t^jjj-aj .<-cu£j (jJLj <— ijj-s» ^ ^yjIjJlj ^yJUsLHI <-3jJ^J .^lieijl 
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1*« fe>u 



CjVLw^Lj dj Co] jIjT {y* 4_JJ ^! M «a3 t^U ^JI — uoVl 

U-Jt <b>~±]l SjLill j! ^1 1 ^) ^ (jUu^ j^l v >. aAcj 

J^j-j (jj! 4jI 4-Lc Laj^jt>s ^sjj-oI I JlSLaj f l' 'i c - (^Jul ^j—fl 




28 

1868 <2 jdjeJll «Lj^.^Jj-LsJt 



^3 ^ Jiuitlj <4_Lc t&i LfjJI 4JLol gji JS3 

.c-^jSLJI UlSLa 
^ 30jL_«^J1 3jUrt*JI ^yC lj-ji<^ 3,d,tlaino cill juiaj (JjjJ Ajjj 
Lu {$J2»*3 • 4^-ua ui 4jua£ j| t ^ .ia J£ ^ *lL>. Juj «_j jJI 4 — jitUs 
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jj 4 4jj — iaU (jK^j Jailx| «G La i4jUj ^j^j JjjJ <>* ^jJI (jiAj 

urt-Sj j <l>1 jlu .^ul^pJI 4SLUJU ^ I^jUu j! 1ju>a Uijj ^i£.t 

O jAjusj J^i.SM jJj 3jU>-1jJ! 5, V j, t -k CjLljlL jJLusjJ OjJj^o jLcJ 

y * 1875 r L_*Jl ^ «GUaj juu S ^Vl j S ^ ,V UUJt 5 ^un 
'(c g" *^^3 3Uj JjS) j» UJI jj^o jj! jj* 22 ^ jjjLiJ ^ JaJ 

£^J-* <Jj^ 1838 ^ UJI ^ «I — -j^j-l^-i^Jt j t r»\tc» 4jL& jJU-oj 

( J -* ^ u' ^<^W J^ JL ^J • (J^ - ^aj i t jjju»" CjLJL^c. Luoj! jjb «Ulc CjIjJoj 

f U <> ^aj . 1849 ^UJI ^ ^ ^o^<J\ ^ tj^ 0^ 1 uh») 



l-cajl!» uiLi^lj oIju . 1855 j 1848 2 ^JliJI .The California Gold Rush 

r Uj| 36.000 L^is^, jj^ J^j » iLju» 1846 ^ UJI a 1 --■ 2000 
^u*j » Luj^l^ .Util l> jJJI ^ ^USUI ^ ^jl jULI j JjjUI ^bj^J . 1852 

.[sjj^JLl] 1850 fUli ^ iiVj oati^lj Lij^iJis jjiuo 
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UjjLi ^ m^>1 *1848 ^ UJI ^ c^- J^P J^-^J 'Ojj^c 

4^>Lc (^jj cij^-u U£) u o-Vj L* ^1 idiJi Juu <£U». ^ ticjju>J1 ^ 

J841 f L*J1 . rtj„> y .j £-^1 ^1 ^ >«uj <<JUj1 OK 

^UtJ ^ ^^U) 4-JU AH l£j>*f UU CjJCUI 3jL>j f & 

JL^Jj SJL) Jl>- 4_jjw_^J^_l>. ^j-utl^j bUd^ (iJllA JlaLuU ^Jj t(<JUJl 4«jjUt 

^U! ^ 3 U ,v. SUUte 4«j,UH Lajf Ju*l — i Jj tC K>jVl ^ j£ 
JJLK JI Jiotj 4—ikA*\ ^jJI ^-iJI <L^Lu oV^L-A Ju 

J .U A t 4_Ls- 1 $j ' - - ^ ^pJI 2LJ^ — taill [J JLft 4£lj_}| jjfc 4 — i_oAj 

/ ^ .\j ~p> , t (_7^" <tm K <_>^»1jt ^-j-c j a ...W cjj_i.,i\ jujl>JI tii£ — uA\ 

2UUJI O i (>a U£ CT 2J I j . 4-3 J SJjJkLa J — AL?tX 

. tdJ j juu di\ jj* tl&tj SjIj^JI 3j jLjw ^1 ^ U j U j — a I j-u£ 

CLiLVjJI <j£. UUj S Jlj JL>-j Sj iUc uijUa 4jjJ Oj^Ijj udJ jJ 4je-/nj 

^UVl cj ^1 „Lj! ^ jU^VI Utjj.*-© Ijj^a U *5jl*iXI 

(Oi) j JUU 43 U>. ^ J-jJ 4JLl3 U 4_ili ^2 ^jljj 4JU^1 4_J 

( ^SLI ik^jU» <_jL^ <1<SU^ BjljLs (jyUl ^yJU Jju^>. t5 j-Ji 'v — uu\JX\ 
. LjUvi t-»a^sj j& U^ Jiv>- 4jj>^3 p* lSLH «-^j-" US^ I j-a 
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ijJJL)! J J -«u U--J j>-x-1 3 jiub ^JJbuj Lw- JuJ^. 

<j\-uil Lf ic J^Uj ajla]\ aJJt> juu Cil -i-Llo ^ !>*jj ' 1620 ^UJI 

<Gf (^Vlj J_^j jjj^JIj) Cfcii>b JJjLJiuj jLuj l^JLI ^ <! ^JI 

Cy* Vjj < jjiallt £»JJL~ <_u — u j — uuu 4jrtir <*Jjl-j 4j La ^Jj Jj^jj 

.«^titl jjlZ j^i-itl (ji J>-M Jia ^ 3 «t^a ^1 

Jjl-!L _^_{$) jjJcuil J^j^2_^^ Sj£a Jx__at >oJLj-_ ; jl*.j 

cr** u-^'j uisu'-i jJ* — 4_ul — uj <_»jL>o (j-4 uil 

- 6^ cr^b^t fJUJt S^ja (J_i__« JSL-uj) L_j? ^Uaj <>aill 

«aj^j» sLpji cttit>i s ji 'j^' 
^UJl t> <o->-)b! 'oesu^ c^ 1 ^ -cKfcH i>°j cr 1 ! '(3^^ 

jlcLS ^ LLJI ^Ut! ^jlJ L*U* J^u 1754 ^UJI 1682 
OSJ[j«1731 ^.<t ,„o 12^^3X1 *45Lbf Oru jJL^»Vl j_.1_.lJI JAWI 

1718 f UJI Ji*j ^4*111 
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c^l A«i <jl j-^P- d* U^W 0^ **J>*^ 

^jJI (^J^-u dJliA t^Sullj ^UJi J* >."> "'O 18 ^ 4j£U! ii***Jl 

.4»,,Utl ^JLlj ^a*JI oUJ fUJI Jjl*JII ^ J£h» J>^ o->L^ ^ 

j£Ub O! friltjC&Jjjl Am.O ijjJ criiMt i^J^K Jj^ 

Jj^ JLc . 1 750 r L-*!l J* £J±h+£ J* uL-^i^K^l 
1; ^ JL>! ^^jl J o!* j 4ju.Ui] (j ^UJI ^jfl 

Liy! Jaij jl j «y Mi 2L_*Jjj ^ £±LH+£ ut* Jj^' J^JJ 

4>j3 ^Ul r UI) 1754j 1753 J>U ^| a^ll 4i_^ljj 
j1& juu J^U LSj L-wjj * 1755 ^ UI ^ ^Ul 

^ oljj^jJI 4^-J-> (^^-lfi. J— a». 4jL JLuL L» lIjMj* — <-JI ^ V (j^-I 

* JLLiilJ ^ 4jjtntl 2Lw.jUJLl ^ 5 >AJ1>» <L«JuJ ^y^J U (j^J^ 

.[^>->ail a^^Ui t^ij^t (jj^l (♦) 
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JUA £yt J^Lm*! Juuj 1 1757 j-jua — uujJi 30 . (i . Jcint l J£ — £u Jj>L»J 

^Ij .(Jjj c-^juj) ^jb** tiJ 1 ^ ^JLp 'CriP^b fc^ 1 
u «hMI ^j>*i3l »J^ cr^- J^-tj u' cij^e cj^l jUAtfl IIl* 

0 L£I oUj (ojjjjij o-j-jbli ^J^) Liw* ch- b-^ J 1 ^ ^ 

O^jijd >A L$jJI ^Pr^b .(^UjJ JujjI^JI) iJ^ikJI <j_^- y> 

tjjirt^ 4^ n f t j j " At ^jJI *udi;' J ^wjuJ^jI— ^ ^ '(1848 - 1766) 
(Septicaemia) ^ jJI <j£>i tffi^ 4.«,.u<t j ^JaS 

<UaJ& jiuDVto-^jblt^J 1177 ^ ^UJIJ^ls^. 431^3^1 t^jat U» 
2L- jjdt UU© JI^jV <jK ^h 1 * Lt*U* J**J Ji>laJi Jjt cr^ 

^^Jj «1770 f UJI (y&o^jll ^ 4Jb$i» SuU* Juu Lbjf ^jj Oj^jjj 
Ijoj— ^ D>. uj^j ^jVl o-^jbi 0^ « Cr»-»* ^ 

i Lujj 3 4juLuA\ jJa3 ^1 * AjL iiL)L« j UjJc (jSJ * L^l^j ^jUl 
^Llo V^jJI jjU^t l 1 ^ H LuaJI Ojjjj ^Lcj ( ^ j^L_l^1I c^Jl 

c^>i o' 6— iSL)^ ^ U^uU.jj j— a ^oIaIj i<u]i u b "" < r> 

4 4n mi Uaotj 1^81 jkUJl ^ U-j>ij «U^JU ^ — *J La Jj t-JJo 4^-3» 

. J AU jj^j .Uy» Jo>lj CjLo «^>j^>-T JUJa! 
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1*11 fejU 



toljdl SjSJI <jKj .1761 J-^JI ^ 2L£iXI 3 r , r lt 

O***»* Jilat {yi ftUUil JUJlJLj Jol-JLo-Ij i j.gUl 4nU>. j! --J -- 

<J yj>i'J (J j ' "J" aj^ (AJ>^ 6^ ^jJl) l^t > 05— J» I j 

^IjaV jlS^L (^Xl JSt jf jl*, ^dJI JaLuJJI CjVL** ^ JuJuJI 
Jiof t^aJi) ^1 o-jjLlJ JUl! L-Jwt j^jj .gj r ,„<Vl ^ 

S^Lcj /•^istil 2^jlX1j Stamen 3b ,„!! ^-JU,^ oLU! ^ 2UJ Cr _s 
t* (^-^j .JUSJI oIjUjIl-I e^^Ulj J,u_ ui ^ dljL_£ Ijuk ^ 

4 J J^^4J Lijli^ t* «sLuaj ^Jjij AujJiaJU oLcLiual) \jLUaa jJ>^l 
O">0bi t* i-aJL»uo <2j)liti]| c^-j'j^i A^Lius <>a 41jLL> 2j^i Jiv ^j^JI 
L*' <0il>'-> ^Jt> «^-Ajl Ctp- U^J^ .4jJ^mJ! JUi 4-^1 ^ 

4^ OJf 25 l^ul ^ Ulj^ cJijM .^U» o^SVI j-IjO 1795 f UJI ^ 
4> (^>H cr^- (u^^JIjAjuLJI ^ ^j^jl jj ^l^ Ulu) 1789 f LJ1 ^ 

•l(**->^'] ^' rtnlt (>UJI «i^lill J* tj^jJI j^ttl vco^JI t>i Laj (») 
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The Economy of Vegetation «3— jjIhU sLpJI jLaial» 1792 f UJI ^ 
^ jJI^ The Botanic garden) «2luLjJI iij^JI» 5 ^ ^1 jL_Aii) 

JJ^bj «4_jLi]| SLpJI AirTAU o-* M£ 4Lat£ IjjJ^ >a 

LU ji» | jj) 2uK til! 80 ^ j* AU <> tiu 2440 <> OJh^ .«^LUI 

LP^Obl J juu »b ^«"kN O* cr^ JUJJ («^ J^j cfl 

(Zoonomia) «U>ij> ob^ L£ ^ 1794 f 1 *^ sr - * ^ ^ 

Cjb jd« 1796 fUil <ya «uicb «suK lJJI 200 ^ ^IJ^ ^b 

<>. jjVi jd*xi r jls^ asm ^ 50 ^ jjVi o- j>-Ut 

^K^JLl JafcJI JjJu^ j^lalJI t>c OiSL?'-» cHJ-^jbl jjl— 
aSj.hll j Sjja^JLI 2Lli*ll <JUJt (»M '^LkJt olwUlj 

djJ^J jJI jai^l vj 1 — t*fl 'Cr^UI t> CJ^UJ £t$j*f I 

J-u^Ua j! I $LljuA\ Jf^ J^^di 

c^j .Oiw^l 6^ 2bjj-Il l^jp it*^ oU«JI L^lj! 
SuLjakll J*. aSlj UJ cki^ iJ>L«» Jlc 5 >i^ J>* T t^l 
cJuSiJI t_*Jl cuL Utusi j ULOaI ^juIj . LaT> (j! L_sjLua3 «^j^ (j—a 

tjj» Jj^-sM (>» ^1 jjVI < I fll i ^rt.» ifllistil 

j^_u£ {yi L^jSUj 4j^LusJ1 SJljJlA >j^Lu<» Ctyiu^ jjJoJI (jiiAJ» (jf (pJJjlj 

j ».<t JJsi L r,. ou«j.»UxJI oL^ 

^4il^ b^ljjjuy)t>->Obl Ijukj^c^ L>U:>£U *^\c& 
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(-o mtl l^acLo ^lltj (5jL>»lj 
. 5jUJu>. obljuCudulj dJUJLv L_9'^Ja! cjLuuSI ^ylc SjJLfijl J 
^1 ^jVl 4_J*JI ajUfib Ja£s <>_SLJ ,4iJL ^Jj ^j-ajl jl Jlj— jV 

M-vju La j — >u V .«iju ^jLj L7 _J£. SLpJI oL_JUc o Hiis! 

Lf SLpJ! j ^jusI j Lu (j jj-Vlj >JI (jru 3jujl>. ^1 jj! J—LiJ 

** * * *# 4« 

I JUb <jjSL} JLftj . 4 uu juaX\ Ci\j\ >pJ1 jlai- <>a Cj}U}U j? (^UUt JiU) 

Uj 4 i mi? 

«Ujii/ftl (^jJl jjJJI 4jjj SjIjjJL J2II3 u^u. 4j..M<tl CjI c i.ilt ojla 
^jJt < rtjfiUtl JjUI I jl— * opa Ll^j *c^ & ^ u-ty Oj^l jl«uj <*U1 

^Jkjj {jf 4\L<^io ,JLi>. I Jijuj idjjjJI 4jjj i« ^jl^l uJI 4_i uuSj 

. 4jLtj SLSjLui OjI^ j^lallJ 2Lilap1 ^J^IjJllj ^i4jJI 

j5*^Ji o ^ oLiSlSJl (jt l^l^t Jl^Voil^ S >^JI cdl3 <y» a,.,j?fM ,3! ^jCUJ (**) 
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Jjjtjj -j A-^ ^lUl uj^Jt 4jl^i ^ 4JL* L&^C I — i^m*>- 

ojlS^f jj^Uj (Sj-uSJI ^jjhVl 4"<U iVif jJj-oIjj . jjJojJI 4 njn-».! ^ <tlf 

"S.jjUti jujla» <_>Ij54 jjJ 1803 ^btil ^ — lij i<GLp- 4_jJL> Jl^lo 

jlaLAII ^jJlIJI 4j^fejfl dLuk ^ SLpJI j^Ioj 4-uaja Uieu ^ jJI 

^^Jl (ji-sl j olIa*.>UI 0-a >^ (1)1 J>2uJ J>HJ • ^JfJI 

J^j-UUTO^j-^j 1802 J_^! 18^4^^:10X1 4-jifl!j 
Oj^Jojj Cugjj i^pj^jljl jlSLflV 4jjLt* 4jjjlaj jl£Lfll t<J ((»UxuJI j-ua^JI 



jjkttl ^ d* ;UV 3U>1^ t^ljUV Cuiulib 

Uj£J3 ^1 2L»UJ( &*LU <>•) l^"""* 5uLlL pIlI (>• >aj 

.(^^i^ ajun 0^ „u^-Vt a^is cJll uk<:I3 ^1 

4^1^4^1*3^ 
i^ (m yy^*S\ Sjb J u Sj^LJI 4jl_p> Jjju»lij] 4 — u^«L>JI 

* 1760 j*L*JI ^ djJlj 3l_^j jlaj (^SLJ .1 — < «j .1.4 (j^-J 
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Jj*jJ1 JjJ£ — m^a ^jA ( j JL p bTJI (jig, «CL»i: j T AjLua) 1768 j'Mj 

Flore «1 — cojji ^ 4 nl m!1 sLpJI» <ut& jjju-s» ^ - oLj ^JL*£ <3 ^ j, 

^ cjbLJI utu^ <ya jui*Jtl cijUjtil ^^jJI ^ust ^jjlj Francaise 

Vi^o^jUV^jjJ 1781 fUJ! ^ jj . L^Uj J^^j 4jLcj 

J^SJj ( ^ ) ^ < u ^ • Ljjijf ^ 4_p*Lu-" ^JLv j p Lot ^ *4jIjj (jj* V ^jJI 
jlaLI* ^ jjjJU SjlaLU 4^>>acd jU}U oU 3-4^X1 0 jla <ji J^Vl ^ 

Jardin de) I o^jW* ^LUI 4^0*0 alap j cjUJI ^ a^.^UI 
(^y^ 1 d>^J cW ^LiLiJI <>» juj? ^ 4jL»LoaI jsf ^ujIj ,(Roi 

4-*^* Lrf>l9 *L_j)_ia]|j 4j^>J1 jUojVl Luajf i^JLu £lj 

4jJjj — ui/i 4_J) cJaplj i 4 t u/t^aJI BjjUI Juu liLUI 4JLJL». 3jl cj 

<— )1 j T| » tiJI juT (JT «_uiJ jl£ La 4 ui\jl t £jr fc*L>. uii£ (JajlII 

*J*i3 '1793 j» UJI ^ — uiJj-ill Lr ju2s>l\ jjjlaJI ( h iri a <y9 «(jljjjJlj 

U-i ^1 jiVi ^» aur, v u ^^^jli « juk ^ jEdT ij liijUV ^\ j^i 

^j^^yi^i SLcbo^^t^l l^j^^L^^UI»^ \xA>. ULi 
o! dJjUV ^lU" u,\ jl^ >lcJI SbL* fljaJL» 2 cLjIjj e;f 4_jjJj 

I — «i *JJL^ij j I (jjj idjjlll juuj ^Uj? ^ 3LpJl JU3 Cr ic: u ^ij 

^Jl2j (j f i LulaL». f jb u! tfjLj£.Li itiJjLs^ < jjo ^_tbjJ1 . 1 a jU^ 

Ol jjuoLsJLI i? j-A LJ ^usjjj t< rt*r-"t1 IjjJ u Cj1j_u3L>iX1 ^ 3J uiiu 

(j^fl < j^j Jt^l ^jo Ll*jjJj tlijjlajj Ajua cA <1j jjU" t| ^jlS^f * 
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toLjLSjsMIl oi J5*y .degradation l^L3j ^jG j! 1 jklUV»! 

La ^4>J 

. 0 <tiMrtt l j£fl]b Ly i*J,l Cjl jt hUI I tc-Ljj oj-a O* 

^3 2Lul j-pJl CiLulSJI * Animalization ^^JIj-pJI 

U.j^jJL}o_^ j4 animality 

4j.it" ui 4 L&l U J£ cJ£ i/J Ci^-L-o U-Lu t^tjiUtt I4J 

. (#) 2LjIjJLI ^j^Lj j^l e^JJt tfulb tilft ^ 
4jjl5fl <Cbt>. (jlsjA 4jI <>» ^£.jJI ^yk: «iJjUV jj <J>>*t 5 jLaj JiJLl jf 

«JJ-i Jl>. jj V» <dJjL«V 2L>. 3>j — ui * La^jl . <_y>. . J| Jj-Sjj 

(_Gl£ (^JLlA - jj£ Jucya^jjs J j — Sjj .^jijjajljj jLSLsLj ^yifi. 4j! — 1^ 



^jjp .cjjII (jilji (jk. L*j ^jlPj W*-* o-l*- stn>l (>«» 
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^» JuLj £)t (j^C Ij'wlf' q\£ 4j? <**i^ La t^uif (jrft-tJ iJjjLt«JI (J IH I £*^ajJ 

- ^ ^ j t * t* ■* ^Aj £JX*SJJ 0jl£jsf 

(Histoire naturelle des animaux sans «iL-jpja^UI ^L-il^ptll 
4 1822 j 1815 j>o SjoiJI ^ oloLbA 4*u, l(J/ & jjluo i^jJI i vertebras) 

(j I ttf JL— uui (_£jJl 1 l^r 1 njAH t ^jSuwj 1 1829 j • o • -j N 18 (JJJjjL 

^ «Oty^» 4—*^ Sjjo-d ^ ji^laUI 0— ^ ^jtaV j-^>j 

: 1815 f W! <yi j>iuXlj -v^ 1 ^ Jj^ ^J^ 1 

-iJuU j! ^jj 4j^ua*J) ^ I — ucxVl (C^trw jsbjj jf ^b 

. L^jLoj «L*-L>JI ^laj 

. l^ntj ijjjIaJ Cjljkjjj dj|jL%) ^^i t * "•**' jjLlo j jj^" 4j_ljJ| i_ajjJo 

L-^V 

,(<Ltb (_£jJI Jj^JI Jxx (>* iiiilo CjI j_Ju ^^ujJj olj^Vl 

jjftj (^ru S j j > L=uoj iblj <L_dM^. ^Uj :<.*■, liMI Jj—jUlI 
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^41 Jaiy jMSuIl JM-S. J^atjijj <^J! 4j 

.j^I Jii^ tfjJI J^l JJ> erJUi Jx?Jt 
.(La Uli. >Aj .4u,n<t,) oU^Jt 331 JJ - 2lj^U>Ul <_J >b IjlA) 

cxii>j ^1 lilfc ^ oJjUV JL-i^ I>ut3 tfjtffl S^ill J** ^ g-^j 
t ( 1844- 1772) jjlj^ - c^U Lp>a^ jjJy^l oJjU'S? tJ»3^» 

oLij^iC. J* JlSj t L*j|j 3JLl1a SjJjM^JL C. in i t « JO^JI 

Jmj dllfi ' «J cj^LjuuJI d JL& L^J C-JJL>. ^y—lll 

fU*jua3 j! Orw $3 JjUo <ul ^ jUjj o*JI jjbo 4jU 

O*- J^J ^ <^jL«V jjlS j-£u£. j-^LUl CjLuj ; nif JilatJJ • J>^' 
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£ J-* i_u| 

o-« d>^c£+iJ * J^jSj 'c^U*!! ^1 3JI j>kUI J*. ^1 jJI 

Ojjaljj La lij «US ^SLoj oWlSjtflj j£jJ1<> Ue^ IjJjTtj^^ua^ *LuT 
OUjJ! J>j*j La I jjLi (Jj^. 4jf Jlutill S jflk ,„Vl j . ^ ^ ^jjJaJI <d 

t-jIjJL ^jgjb (jSJj . Uaj-^. ^-LLi Ijl* jls. ^JJ Ua ^«nUti 
Jib 4a*U)l Z2^\ ^ ^i*. ^^JLiS^mij jl>JIj 

< "'^ " lh <^>jjj o 1 ^ 'aii;^ Lryjbl sl — *i t* <*-^T <_ij^_^j 
Jrhf^ J^'j ^j-ujjt^A LUI SUJaJI jUJLl JU^ <yj 

l»UII ^ ^Lu |«u!j «tiiijLa ^j» * U — i-uj 4 — uiAi) *Lo J^*»- '--m (jjj alJj 
J^L ^ y , H? . t l a_jJI ^ ^ *Lt «u-Ai? ' 1800 
LSLoijIj (( >oJI ^ UK 5LU^ w> jIjJjj S- ... ^ 

^ ^jlj) ^1 j-Vlj . 1803 ,1800 ,1798 r lj_^Vl ^ oGj— J 
Iwit^ 1809^1^ 12 ^ jjj a^OiSD^^JD J4jLi2 L»l <1804 
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jj^ .^1 ^ u^jVlj 2uul^t Ulj^- r Vl eJiK Ulu 1810 r UI 

^ c^Ijj jJjLSu U r, utW do: ^u, ^ .1817 r Ul Lj^ j>»Vi 
^Jjj ^ .1818 *UJt ^ (^jbi Wl c^O (i^aii^ 

oJbvjj . ji^ I ^1 0— * c^' UluaijSLp- j*j«uto^j3 1817 
S aJU^^c^ j! . LjS l^b di^l 

(Oh. „.n?» ^LuaiVIj) Lfi-»-J$U <>-^ 

j^i^ji outi oi t^-Ji ^ *(t>->0bl J! ^ (^j) 
iO-j>Qjj •* 3 • "J ' A ' <1C -J "V 1818j 1817<>»a— *x2** 
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«i^i ,1^1 a^i^i mj^l t;r _ ( m jb*^ 

jJ>LA3j 4 ^ Jta UL 4^l^J| U^ljjJ) 2LL_uJI e^^jljl Uluj 1 1822 
Ob <^i-^,J ^ULAl ^SVl j-Vl ^JJ jdjj 1 j^JI ^ ^ 4hi\^\ ^ 

U*j (^U. J-ojw <tLuJ <J Io£.L*a J^aJL jJjLij £L£j 

6^ <^ <>L-^U! <-^< t> t£«*i ^i» c^JI ^ 

crp^l <> >*^tj J— U L) ^ ^ t 2u«xi ^ a ...r. ^ 

^ ^ ' 1823 f^l t>->Ob! 5jLi3 ^> 4J oL^<3 

*4-jaXL e^-tjoJt J**Ji ^ ^L^JI ^^Tj iJtisS l a j| ju^ 
^oi^lj .a^oAl ^ 1825 r UJI o^jb c^jj ^LJi 

'Cr**^l Ci)tUL <-UUl „juli ^ ^ ^1 jSVt ^ oV^yJI oiK Ujj (#) 

^1818j 1817 
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,l_Jo <_JLL oj^J 'j— t^l ^ **** -u-iD^ 'd'' 

^ 3 j£LiJI i^^UJI 4—jjJu tiJLlA 2UL_^ ^rhi^t ^ 

j^j UU >21«t j£ Oj^ ^ili JUU <Gt «>Vl jJ^lj i^J— 1» ^ 

43MAii^<^jJi jslsji ^ cy> W« ^4*^ ^ 
j 3 u cp^jbl ?M t> u* *^b 1> B V 1 ^ 

4, ,„1 jjJ! o! j^LjJLO; Lu> U f . U Ai T t>t Oojt; j^J ^Ji 

d., .A'* oiU: . LbJ? ^"j .«>^."wj <^J^-C V." "'J Jj t<CuJjjJ 4JU^i " ' J 

J^kJ *b*l v*b L*-^ 43Lp. ^ J^UI Umjj ttjLiJI 4_jWJI 

u^u*j 3ju1j ^jbj t iiJ|juSj3jLp.yi «lu^l ^AoJJt C^L£ j) jj J*j O?- 5 (>• 
: JjJL 4-ul jJI 4j ^ ^dUj Juu c_u£j * Uli* 3jl*j ^-jj-oj jAj 

^ Jj^Ls JiS 1 jub — i L^jjS U^» (_>-^a — p>^b 

.a^jUt 4,-Lb YJt^iUi KJ,)> ^ <Ji 
(^ju* L7 lc Sj^cjJ.! UajIjL crOiUJI ^ — <i t^JUjVji 

^L-^ljj ai^i^, f >J1 IjLdLc . 1826 ^j^t <> ^ji J> 

iLiillj *Ju» ai>U ja— J^t ^ ^JjL \jy ^ ^Aj^Ji} ^ **fW (•) 
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*(1874-1793) jAk c^J ^ cL^j^Jl 

(J 4j>j_u, jllSj L£ .4it (> ,4i.jJI ^La 3 juali ^ j^u 2LuL 

«gLJjoj f Lili ^ cJI^ cua^ij jl^l^<L^ Uj^JIj^j^bj 

<> 0i9J ,J ^j^j <^Li ^ l^k. Ijp^ ciUSISJI ^ 4^>Lk!| 

Ij^j^l Neptunists L?ui>uJd1 (^_jSU.L>jli L-o^^i 

S*lu,\ J^l o^jVl JSL_iJ 5>ai oU-^l 0 f ^} ^ 
oKj) 141 jJI 83211 ^ Sjl^l 6 j iya ^jjJi Vulcanists 0*^1 c^j 
4i*lfUl >Lu <jK Uij,j . 1827 ^ . (^liii JJ , H ^| j**, 

^ J^uwJ! jjj 4***j jjfe d^jj ^ <yy ( 4jm ^1 julij ^1 

JjL f & , h?l" j < .4 4]^ juuj .e^jU ^ j S J>A J| J* jifo 

">J£* ^ (i jLA <Uc &\ 4,~*U ,n\j l( j^JjjL^ 4lU j^illl (Nj-w ijJuU 4] SjL) 

• LkJI^Uai^jJ LaL*^ ^ U^juk J_^t3 jIjl^^ 4 <j^ 

U?b ^ ^ ^ (jJjL^ jl. ^jtjL U^JI ^ 

. I>ii^il J) Ij— jj— U^j^c jj^L ^ 

.«GUj ^ jUjVI 4^1 r lj^b.VL jja^JI J n ,„tl 3* I «SalJI 
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.gJjS c^Jj-" L4---0 1827 ^j.a^j^MSJI^jL^o- 

S^Vt 431 j__> ^ jJt o-^jbl OA* l£>' s >* -L-*J ' 1828 
^ j^jSJI 4J>>JI c-d £jL>— «5-1 <V-^ o-JdJL^ t*-* J * , n " rit 
J;L_t JxS3 JJjL-_fi J-v O* 0^ -J-^ -** 5 -*_U£ 




29 

1845 d>>*J' 4rtj-<-./>B odJu'- 1 j>>^ 

(Journal ofResearches 1845) 



e^S-l «USJj 4_l«_* jl\ 4jUI j J J*-*! <> «jaiVl t7_ 4 —M . rtit 

j^j . u tnUti <cJb-l - <uUl*1 ^ ti^ 1 'cr-^ 1 b- 

_tu-t 4(1861-1795) jL-iiA j-h-; 0*2 ^ 4_~_u 

^jjj . LiJ^j UU* 4J 3 . .. . il b ~-u->! i^OJi ^jj>x*^ «^bill ^ 
jt_-u,l3Aj*( 1873- 1785) ^j^jl^^jT^jl:^ b_«t L^y^t 
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6iSD^ t^i ljUWI . lUlUijl J-^uJ 3 jISj& <u^j <>• fu^J! 
J**JI ^ <>=■ h^J iSj£* <3^ ^j^jj 4juL> IjuJj a jLucL 

cjLL^I ^(178 0^6-° juLUJI) ^ I ^.L ^Wl <ju*\c 4^jj ^Lc 
Opa . jjtu* 4^0c Sj ^ <Ju^ 4i1 6- ^1 (J* cfi} , 1 83 1 r UJI Jj! 
JJjLiu (jl^o^ -j-^i • Jj£ t^i 6^ ^>^>j ja^l ciju I . n j . «i o^ulS «lLj—oj 

<l>f JUJ1 SjluLj JU>J *jf V! <tlU j ^ }Lki cula O ^-ijj . ± jJLo 

^TJl^^lSjj^L^ Uj3i 1831 r U» « rtju» jJjLJiu ^^Ij 
j>a J^LUVI ^ 4*Sji4 ^.aJL^jcJLlA juj-jj .^..U ...Al 29 <ys oj$L 

1^1 VI^Vl O* (1857-1774) Cij^u o-d-^ ^ 4ijjLu> 
*(<U^I J**j ^jJI ^L^JI SjS j^Lioj Ij^ILo <U^I j^lilj) 

^ jJI ^Jj)^ ^WJU OV 1 ^ 2jLS C^J «J^ij 3nn,,iTI)> 4]}U . 

4^*iS C^yt Jjajj 4Jj^laJ| 4LxjJ| ^ 4 tiri n J ^5>La ^-skit^ iIajj 

4l*j ilLiij L^ul^ji» «uJj J^jl ^jJlj i( jjj^b fuj>\ .«Mitt^lajj 

<jr*i^ (jr^ yr^J 'f Lu«J# ^ Lu^uiS J^jlJ ljUJJI ^ 4jjba^J JLvl 
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3ljL_uJLl f>S& (ji^. 4jua J*UjJ tii-pftJ i 4ldjta *Ljj! <jjSJ ttL^jJI Sjl — uJI 

Ijjvij jl^ jjLiljj . Ijlijl>. \jj>j puJ)2\ 4-jLus>1 ^— uJ (tiJj^jj 

3j_p.Vl 9 SuuljJI <bcj)J! JLoia tLoLi s^Ac ^yJuL <j-"9-«j1ji 0^ 
Laj-*cj ^j-u-j uij^a jjjijj» (jr A SjJtl ^jufc 4l>. j j c*jl£j (1798 j»L*ll 

Jaju 183 1 j* i — «J I ^ jl£ ^ jJI oj^^u j «. i m i 'i I jjs c*M t 5j — u, 29 

j JJI «i j - p^k*tl ^£,1 tSJIj L-^J mljrttl JUOJV (jJJjlj JU uJI 4jj^J 

^l^JI jl L^It vliUl jrUUJ (^JJI ^51 3*JI oA*j dJI—LA oilJ 

( ^LuV lUiUVa oj-^S U ^ y .(jJjL-.ij 

l*JUa ^ .cj^I £L£j ^1U" ki! (jjjjb jJjL_<ij ^ *crj^l -iji^-^li ^L^-^i^ 
^ ^1 ^^pii ^ j-JI (j-ijl I via* J^-j ^ju>i^ 

jj-oVl 4jJL^J (j^a! (j-SJj j\ jj^ <Lil£. odijl-i (jls^ irtl "t-w * l^J 

•ojLh t^^^l (*) 
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LlJ .j^aJI ^ jjjj^ijJlj Siliri ^IjjjJjL^j^L^^ Ulu ,1831 

(jL 3 jJulrv JaLSj ^-JaJ <Lu ^SJ t(3JLuL>JI ^ ^ IU1I J[p» Cjj! J (^ItJI) 4-JL-jJI 

aJJt Jlj-Ja 4jlS-a l> u^l>. (jJJjb <*] < Vj? . LlA L_A>£i ^y-Jilj 

i LuLj . 4j<i <h jJI — uJLl JUcI jL>u| (jfS CIlA Ah a uJI Ulu 

1u>-Ij (j-<uJj <Lj^^I^-l>. lio*l_> ijjLlltL «Lj-gJjJl tL>L_u/jS/( Uuil ^ < *t ^It-o 

(jJJjlj (jil^. i<_>oL>- Lfcj^J (jrUuJ Sjljmn* 3Utn Ij-p-l <Luj . 4l>.jJI 

^Ul ^Lljia^Vlj ^jAJI ^Jji «Ulifi, *L O^Aj jjuZ JIjJj Aj^O ^jiui ^ 
CjUuLj Sjju-o ^ jUJtl (^utj^f ^pajV) jtlfljj» C**i3jl lJl^j ^jVl CuUof 
uaj; — <5JI 3^ (>*M JJe-j) ^>lj^t Sjuc. IgcUjjl £-L Jl9j ' t (jisj^l jflk (jic 

Ulu ^1 ACuaVI 3i*J1 *L£t ^lill jd*il t 3J* jJ! *Lfif ^bSJI <> 

jiaJLJLj ; 1836 ^UJI jjj^I ^ I ^pL>o| J| 4jj^ <£»J <±JliJ| JLUJL! dj-Ialu 
SjjJaULi Lk^lj UU?i ury^iil o- 4 t^'j 6iSt>'-> 'J*^ Cjr4*J (^^1 iA 

t^^jjJI j_jkiJ! jL-<Sl| tfjlS^I j^ki ^ Jj^jlII I Jh$J 4 4_JjUltl 

Oli 'cW " O" 4 LrP^ <-Ju-£U <j^J L*^'- 1 >« ^ 

U5b cjjlSIcIj ...l^I^ j sti ^ylc tlUju I juf j2l l£ 

^ Jj-wj (^^LJ,I c_)LSJ Uj (jjjjjua ^j^ej 2UjS ^JaA? (j? 

*4j (oJbtJ <jSLi MaU VLi^l ^iLJ £>%J! (j^jf ^JJ (jjj^b jLcj 
*L3iIL) fjUuj . Ua^Jlj 4^4±JL Ijjjuij j^uij ^ jlM 1 mSj jj) j 
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[^L^oys ^JlU ^ 4_L>.^J^JJ>JI 3 i.^ll c!oAJ <L3jJ ^JIS i 1837 J — J Lu 

4li.Vul ^jJI 4 u.rt\ f UJI i 1839 JUu ^} ulas*»*' 4_l*^>J 

oLcj-ui^ « UdD^J^b '(W ^d**^' «M* 

( ^j jL) |j l^js u& jji\ 3 S*^ (Journal of Researches) 2L_uJ*J1 djj*Jl 

4J (U ^1 ^julP^ oUI^I 1839 r UJI ^ <>jt j-iUl 
Lul£ ^ ^ £su>^ J— >^ 6^ J <2UbSU 4^3 

(jja j-uS!j jjj/jI UUoaI «-ajLuo t-itiSJI ^ (jjjjl Jlj (_>-oL>Jt <.Jn>Ji 
t( > ijL ,b ^ oljL-^Vb Uj-r A«j U^o UIa 1839 ^ UJI 0^ 

^uxdfj i«4^pejLa]l» j I Jjusj J-^.iuJ £yi 

^bJI I JlA jjjjuj . Jj^juj UjJ <Uc 4JjI U5> 4 -i l iU 4-Lia-rll M-wj 

tjjj 4^j3 1836 ^UJI J-JLjJ Vnrt ...11 ^ ^ 

i> jlA J>tiw 4jf Jljj * 1842 ^LlII C*Ji^ ^ 3JjJl>J! 43 j — J\ £-a oj\ j. TTt iu \j 

LLajj Uju^ Ajjjj! {y* A\ ...L„ ^ ^Lu Iju tilJ 

ur^l jjui (jjjjb oJ^ij .Sujlji-^VI 3ftUUI ^ 4jLu»! 1^1 

oLIjJa^sVt jA |<^a <-uxrt t < <j^L>oj 43^a£: jj^ 4jI JlJI ^ >2li^i! 

«jilidi)) Jlia! j>« Oj^>L^yi ^la^j 3j^LuJ1 

JjJJJ ^. : .Utl jjjbllj L^y^fJI 4^*1*11 i^stJ) %L^> :^Ul^ ^ ^J-r . nl l u'j— ^ (*) 

1832 ^UJI ,>« i^jj^t^lijt sjLiij «Ji*?» *iU' ^J>U ... l*3jlj (pJl a^l^ai 

..^1836 f UJI 
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•u V'fl'H lAh^' p4**$£3 4-*-uaLuM cjLS iJf -£> (jjjjbUaij (Chartists) 

.(^UJLiJI <U^J c ^ OojlII Jk <jjj cdJj JUU 4j>2JI (<uJ J-uuj) 
4-^3 juH i£yui 1 ftji i.ujj .SjbJbaj 3jUjuj 4_i^jj 3Ll*j Lajjj JjjLuiJ ^ojuj 
Ltaol U^j! Jlu . U^JLolsI £y» JjJuiiJ S^LJI Slfl^Jt Ijlj^a .OjLj Jl 

0*1^.1914^1 1839 f LJt ^ ^iLi 4J £j| ^V! ^Uj.lj^ 

<£uL_^J 4j>11i L^jVj JUu C^jj) ^jLa (<u .(1851-1841) (jT oJUu ( J_^a 

j^ul^lj .(1912-1845) ZJJ ^j .(1930-1843) Ljl^j .(1842 
.(1943-1850) ^LJ^j .(1925-1848) u-^-^j .(1926-1847) 
>tkUI s^i Lu ^^.(1858-1856)^^(1928-1851)^.1^ 

.«^JjjVl J-cdT» i-jIjS' jrjJLus Jx3 *j}Lw <jl£ jj *J^5^ ^M-J-a (_yitJjlj ^JJ 

5j— #1 SL^ ^ . 1950 1850 ^ JM^ fJJI Kp> ^Uj 

jJjLuu J^>it <L«w2.1 J Sj,Ai.Lu.a 3jnlVC LgJua Jjltn La V! . Lob LjJju La t 

4jjJ^ 3-uaL^j 4^*1*)! ^jjajb Jj-^* LlA LuLu L» jj .WuJI (j-Jjjb 



(Lbjf L^JLt^J J-dJ jj) 4xU-j ^ cJ&j (J—jjjIj jditJ j Jj fj_J 

j-^j 4™ nU 4J| c-aLii^l jjJJI JIoj Lujj ,4^i>. jjJajJI jT^iiL-i 

O 1 * t^l Lo.yi^' 6^ 4 ^ Sb^J^i 6^ L^i» lK>^J er^ti JS—ij 
*L>JiVtj ^jJjUUI tfUoVI cjbtLo! (jru j^ljJI JjL>J1 (a^ «i>. ^ ^LIS j^j L$J 

^ 4 1 .„n jS^Ia^ (jjajb Lkij , JjVl j^JUaJ (Catastrophist) ^-JjlSJI 

(j^uLajj (JLiJtj (j-a j j)^miU ljIjSJI j^j*. .«Lvl^j Jj^a .1838 j*l*Jl (JiJji^ 
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t*^»^— U c^-l-Vi Udl ^ jLLo jl^uu (1834-1766) ^j-jUU 
(jjj Jjt jjl-Js jlJI (Essay on the Principle of Population) 

4j^jII) 3 — uoUulI 2buiaJ| fjjfi jJJ(;b ^ i 1798 j» UJI 4 t-*.\ t r, f J\ 

^Ltl 4J&J ^ . I, WJ „A aUc JLuD JjVl ^1 . 1 788 f UJI U*l£ 

(ji^. SjjLiJt ^JjJ *j — jiJt J\£ — uA\ pfjfc *<jK «Jl (j f <ULSU 

i4_ijLj <Xij L^jI Jlj JM»- (j^dcl <^i"j dujfcj ^ ^ 

CjjSj 4jI j^jJL jjJl>j . I J^Jfcj 1 4 < fJJ*j>JI < ^! 4aJbJI *jldl\ JMi- 

J£ JiiJL. (jjflfl.Mj SuJLuiJI 1^-41 <> >A^t u 1 * <GjL£ 

JUS ^ic o>ojJ JULI 4jujI 4jLu< 25 U^f ^lj Juc ^UJI cUxiijlJll (jUaejb 

. Joj-uJi IjJb ^usljj (^JLoj AjjjjSj 
JfLa t>l — u*Lu LaUojI ^^o. - CjLjJuJI (j-o £jj J£ j! j — J 4 ftj,ft.->JI 

£jj J£ jla * LfcjJJu CiJ — II jjj C'j<iij 4jj jJI (j^a ■ U 1 £jj| — 4 Lili 

Oj^U 19 jJLi 2LL_^ 750 (^Jba ^yic 4jjj ^lit jL_a <jjSL) JjVl ^1 j^Vl <>™a 
<Uuij JJuJI Jirv^j JI^J^ <jT t^jllLa J^f U^ iLseoolj jJUj (jSLIj .^UuJ 

,>>^i^Ij J050 fUJIc^U£* j .t.r (>QJI o>^t ^Ijf^aiuaJ! 

i^jiHI CjLjI^oJIj jjcLLaJI ?Ljj I^tj^j 4_ul$LuJI oLtAar.'JI (jl (ilfc 
AinillL t_)jjj>JI LiJJ j^j) <>-bJ,l ^UlaJl CjLu^ 4jJjjL3t>s (j^Lk <L>. j^" 
^ JoJi3 jrtJut jkUJI Jaxujlil O^ijJ t ^jj <jf I JUb (jr l)L>» . (j__»itiil 

jU u tnUtl U<jj*ja ^ Sjtj.Vitt cjjI u> Ijjj .2uJU <UI 1£Lj^>S?3 < i. t ;tL 

. (j j J Ojjoj SjjjJl {y* ^a.trattl 4_uJUJf 
(j I Jl-^HI ^jlJLa ^-?tr*. ^ mi f. ^i nlltl <j^oJI 4_ufUcuJI JU-j * ■ -lj 

l^lal . jAiJI ^Jj l^JLa 4JUUJI CjI jUtl 5 , i,,.,^ 3Jj juXt J>j^>JI 
jjj jJI JULVl J JuC j^j JuJ^o (^jjlui c_3j^ib ^ C-i\ mu>J m^I ^j! 
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(jijik* j jlUi.. . jAJI <>* jLijJll tj! ^pjou Lu * Ujjjki ^\ -sjl^l! j-llp 
, 1838 f U! <Ju> ^ j£J . { * ) ^jdtl >5iil 4JL* ^ 

(Jjjjlj ' » .U j3 2j j Uit 4_J jVl j usLjlII Jl»o LlA L& ^ . d^jUja djfcjllj — t j 

Jl«j ji^l 4j3Jli 4j|) 4ntk'\ ^jJlII <iLbt jrU «iliAl gjjuuaj t^tSLui tU»<>> tj^lolll 

j j& Ch^O J O 515 ^ 1 ^ cM' 

.(SLliJIj ^(jjuail ^i^Lpl 4^-iAlL (j-u-iJj 1 4*1*21 1 jjj-aJI 
L^iejjL 4 ■ C^jjIj 2bblu» 35 <jja 4JLujJI <_klfojj 1 1839 j» bu 

.(J*! 4_^itj (jjc^b j^—i U-* j-£2j ^ t^aJt) JjJ f d a' 

4x.L*j f UJI <d»laita LUg, j^lo 1844 ^LJI ^ 4j! ^jJI ^JLc Ijuk 

U.^- .„'^ t 3^Am 189 Ju: *2uK 50.000 2La]> «ya 

<jj^Jue «L^lj^l . U , «j L^£jjj 4 1 mjJLo ^1»L (j^iflj ^judlj i lnVi 4J 

. 4jLflj Jju Lbj^uij L^jja U>>tj Lftjj i^o 

^jjjjb uflUal < 1845 4_ik <_aS^ ^jJI « Jijj 4Hrtn.Il 2UL>.j» 4jLi^ j>a 

.oLtixiJt jru dJllAj liA 5 j jLZJLI SJjJl^J! 4_lUaJI SjUI <>> ' b^-^ 

4jjLLa J^L>- jj « LUlj-iiJI JjJl>iJ jj — uuJI (jja j I JJJ>C Jjlj — A — uajlj 

JSJ 2LLal£ djjju» o^ajju jISL-j VUx» J£ — iij L^jU o^JLiJ L^uuu LfcLJaJjj 
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t (>3 3.jjjjj ^Jl£. 4 — ut.aJ„) J iJ e T u j t «U JjiaiVl (j-a <jl j>9j . "5fjt L^jja j£a 

ji „Af juu) 1846 ^UJt ^ JWI fjuj . v Lj£ ^ U^] JaLUI 4_,Lsj 

4_ljuIjJu 4 Uf J^'trnl j i(Jjuu 4_j.Lfl.LiJl (J/La (jJajJI ^j} 4_O^C ^ CjI j''-" 



IjUil o-* * 1854 fLJI J^l cjIjJL^ 4_i>L_ ^ v L£<ya ^IjjJI 

^pajJlt iJUtXI I JUfe 4__jl — 3j-$_£ 4J Ci — uuJ J*jJ ^Lb jua 

1848 jkUJI <Lot SLbj 3j_L_J1 dJuk J>Lv Jl$_-L 4j? ^ >Luafl 'Sj-u-» C-Lfij! 
^Ijutl IjuApU^l^yk-Jar' n,lj t 1851 j*Lii]| ^jJSj^Vl^T^GLlS^j 
.C-ljtnU («JUJSpU^-ijI^j 4j_CU1 4jaa*JUIj| L^-tla^l 4_.fC.Ul 
4jjJ J^ljJ ^jVl 4jjj_U (jjs oLjjuuJo ^cjt_ |jL4_a Sj^a JjVj 4_n_| ^-j-ualj 

Jlu . jrit itL I flthij 4.Luall 3 — ijjJa ^Ijj^l jru <_u!9jj| Jjj^o_t J^al lu 

J-J_l JiJlC ^-UJJ Juu (jSUj 4 jjJoiJ| ,jjL_| jJuj j* wu JJjjj L* 

*0JLA 43 j£Si ^ ^ — t_Lj ^ojo CjUuJI *GsJlu»V| ^ 

L^JoJuj 4_l*Ll!1 4-bLo ^4J>0 3jLcj J <— - £-i-ateJI <jj— ' CjLlL u_4_x 

(jrytl^Jt (j-ajJU I j 'r f LjJejIa L—jLj-T ; 4jC. jJ> I 4,*itau>- l<l>» £j^ju=U Lo 

'fjr^J^A* 4 (j- 4 ^>4XI (jjiljL^Vl ^ijlSut <-iiI j JUu L» j «1854 j ■ 1"; ^4 

^1 1858 f UJI 

Jj.^A-in jUsVI cjjl*1u,I U% ( 1844 ^ (jj^b 44» ^ jJI 4 

(j^Vlj 3Lp>j 3j-<j/ji,t (jjjijtj 3l_o» (jru Mj^Jj4 UjLij <U^.1«j U ;t J^ISJI 
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(•Illt&jli 



Jli*£ Ijuk jl j*l L_i> ^jl>.j J^t <>* tb-^W c ^ a:i, sr^ 1 
1823 ^Ly 8 ^-Vlj jJj (U*JI ui^y O^t * W c*- 1 *- 

^ ^ISII W VI .(«#1 eJ^) 6jU.^ 3jlLL2« ^ iiL-u.jt ^ 

cljbVl cr 2i3j .^Jj-Li ^ Lyjbta jl£ JLflj ^JjUJ uil jrU 

1828 f UJI Sj^Vl cJSSIj .u/fl ^Jlj ^ ciaJI ^ <^L^t pjtelS 
cjLiu <JiJI SjdJI <y& oj JS" i M fu ( 5j-u^S S^li] ch^J- 1 

l jjfc «l* cij—jI 4_^jjd! o! «tPW^» jl^it 1905 Sji j »mU 

. .ij^flJjU ^ 5 j.jtut 4.m< a jjJU <_jVl jlS USaj «U Ol*-u1 ^1 <-uSJI 

odijb 6^ L^j) 1837 r L^JI 

f I^JI 3Lp* 4iIL 4jlL9 JL>>jj .f Llj j^J/I 4jU iM U-^l? 

JUcI t^ic Ort.V? ^1 j^a^l OU^L <>> 3Lat*Jt1 ^tjjVl 43>u.tj t( JikJ! 

Uj .oUL* jJL-o ^jJ Ll^» IjllJ3 ^-Vl j U ok>" <oJt j^j 

^Jj .^LjiU m.j^jVI ^- u-MM g-cLi>? Sjil ^ 4JSJ^ ^L_Jj 
dUi juu (jjj! 4_jSJ t 5j .JjM.tl jDMJ ti! dJI jul ^j_J 

^LLJI ^ J**JI L^jI J->^J ' { * } «^J^ 1 ^J^*' 

^ U^il {y* ^jJI JLi L^vUo Uis- U^jt jjjjj Mini L oL^.^'tl 

^JUJI j^t ^ Iju ^Vl j ju>J! 0^ j-Vl Lfj - vaai o-^ 
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« j^iJt ujVI SUj t* ,1843 f UJI ^ I m ,n\ 2UjUJI f L&l Tju* c^Ij 

£A jJliJ ^ jjfl mi 4jtxbj JLJj-iJ? <_£L£.j .(^yuukJI t_jliejjVI (j—C 4jj^JajJ 
4jI ^ JLfljj .JoIl^ ttil j-lo ^yk. tA^W *(*^W J*^) ULH* 4 ^ 

^jltit j."LL.nt ^ iwjJua ^ 4^iibj ^JLt J j«t»U L? ju^ * 1844 f UJI 

jl jjljj) jlSM 2L^LuJ.I ^ul*2j ijLLloIJ ujI ,,^t!j 4jI^J(j 3*1 j^J! ^jU 

^Aj i^jj^^a^ ^ oiSL) 1 - 1 ^'j f 1 —^ UJJU^ t> J*"»t 

3 JjV « JLLo» jj^jjJU ujL£ tji <*j| j} . «LjL> ^ cry^a urujU. Sj^JLiJI 

jl L*-u>lj Ijuij i( 1892-1825) (j>i* ^ .4_*i*J t .. .o Vi aj LjU 

Lu j Jua JjjjJI 3Lp. 4itjo£.b) (j^Vlj Cj jLdjt iiljL: SL*L» C^JJ 

v l^l^ J ^ r LJj* J _^! ( >j2 1845 jjl^^ii.a-eliJia^jjLJI^ 
^L^I^^j^UI JU^Vl^3jo^ol_L^ jjaljiJ Ijiai^l^Jo-^JI 

^ 4_loAJJ jjkju o\ ^lki_u»1 j .S^LiJl dilj J$ 4jJUJl>JI LiK_uJI Jua ^jjv 

, f LlJtj SjUjJI JUg.1 ^ g_ujjHl Sji^LitAJ ^1 U~ i o lj (C^u ^ 

Iju jSJj .(>ulu 4j>L-!j-a Juiiij ^Juj ^ tjjUt l ^jjI^JLi <uUia! .sbjlj 

(JLa^f ^c^ujiaj (JJjuj I <LUt c_jL>. j tuoLx>^lj JuljlU jjjui 4xJbJiJ ^j-uVIj 
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3>b)JI *JUk <_lA£J .CjLjLUl 4*jJb* WLSf jijj * 1847 j; i*; -~ ^ ^oiJjL 
^jjSIj *}Lal£ 4jLo. j — u*"t\ lUUVa ,t mVi 3jiLa (j^Vlj Ly ic Cif^JU 
Jjj-ftlt *jiol ^ jJI j ji - .^ JI Jl — 1,1 p£ ^ 5j1 h' > «VI <j^»yLi jt L> ^Lu ^ 

Jj>U ^ ^uJel\ JL*lo ^ U^UaJ ^ j>U1 JULI ^ l*JIl* <^Jj 

UU*] ^|ii jjfcj ,4jjtjji jljj+ujiJz o«vij jUj .a^iji^vi aaWiiti «-*>oj 

ur^\ ...^is^i ^ ii-L^! ~h>^\$ C j lsb-uuo] ^l^jVl J^oL (3^* i£>XJI 

^ Ljjtj) Ii" i ii 4jLuIaJI (JjLo^J <LSj9JLaj <LL«l£ 4-uilj.l ^jb Utjjilj LjLu) 

.«jJfcUI Ijl^J J*. (_kLmi SuL^j 

JLfc.ll Jib CjLllC < rtM i Cmij ClIjJu* £Jj! 4j1jJs (jJiVI J w 

Ci^iljS *L^Vl (JIa <yt gsli Sj^UU SjoiJI cdJj *UM ^Vlj 

4 (<init (j-u — ujJj <j! IIlA aSc\ — «jij < JJtuj 2LLi__ t4 Jt 4_L>-j c Lu f ( jjj[jljLl 

a^L_iSX*VI 3ijuJI • c^l cjLLuJI <yi * JL^JLl 11a 

I ^tU 4 1849 ^ UJI ^ 4j ^*LJ Jjjlj^JI J) j 

2U5>UL ^ jl-j^I Jfcj . 1851 ^UJI „1 j rt.MI o^j—^ 
Jd3'>^' <jj-i| L r* Ai ^ **J 6^ L« *^ >!>* a! <-»3>» <- ' j <L«iij 

U 1J t3_uJLl 

jJtJI (jo>£. fLi^J — UJL?^' — "^'j SjLseJI ^yiiaSj .(>uV1j l^t-gjv. 
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1 1859 ^ UJI <> I j^l ^1 o-Vlj . ^iliii VJ lj* ^ 

jJLua jL>o1 j OjJcu Juu ^ ^.jJI Cr^O *^*J Cr^ ^»^** cH^" J^J 

4r j -aT- ^ jjf 4nt i 1 1 n A t< ^ i r t ^ i^ 1 ^ J ^"^J '(^ J'J^ — luJ L$ji>. 150 

(Narrative of Travels in the « j^Ju jjj^ jjjl-*^ jliu^Vl 

^ u .r.,* Lr aj . LvUo jiv (^jl-JI j Amazon and Rio Negro) 

CjLlUI-vI j>ua>- orlc o-Vt j uJblj 4_JLi]1 Ij^Li >^ 4I*JI ^Jb* jjJLfcj 
f LuiU C^jJI tjiuu J^-JJ ^llaj^jJI < rtVtll ^ CjI j — <ioJt 4j 

^ U^lc U t j_^J 1 1 854 ^UJI ^ IU« <ya jtiul (jhUc j— *^ ^ o-^iij^ 

t^ "< <±xjtJ ^k. JjjuastlJ i jJ5jb f Ulfcl iae-uJ tiUij SJ^Lla <Zi}Lu»l 

Ur^h tOjU^' O^S* J* lAM' <> £.1^ >^ ^ t>"^ 

<jt Jj-" CjLoC ^>Lil il ijj^iVIj (>» IjL^lj JJ-^I tjf crlj I^A 

(jx£ij ^jLu.L <jSjj) LiLp*! ^Cl m.< oH^Vl (i>jJI <> UjL-«jf 

^1 ^Vl a K A «j «uLIaI AjuuJL Joju* <jU*sl <jt j>3 ^^Vl i>iJI 
Lu Ifl*^ I oLuuolaJt *L1jl1 (^jjuu ^«JL»JI JjLL* (JJlvI 3 jijj jJb 

LJLjj LLui) 3 j^f (jj^l^ Ijll^jl L4L1/JJ ^pJI oUijuM j! ^Juu 
^^fj .4jLvLi>.I ^jJ Liil£ <l! j^jj I^jljj jljU (jl^ ((tijojJl 

tcijbjluJLl <L*-eUjj ^jM-j jj>UI Jjf>-jl jtj «6l!i.iL*^aj 43 Lu I 4l*Jii!j 

^1^. dlJij * 1854 ^LJ1 J* jyalSJI JUt Jbl^ ^ 

^ S^V.^tl 4^1 JL^T fuIaU ^ (jJJ^b 4_t£ ^ jJI C-SjJt (>» 4"> 1 
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^siijJl ^_yic ijolaiJI ^U<iia L>.L>a 6jX\ a J— A 31>.j C«fl<t"v 

Lij^j ^«J L7 lll «LuljlutVI j^Umj jenul\ Jjl tiua ( j J a 2LuHII 5j^qJL5 aULc 

^uij iCjI jJ u ^jLoj (jJojJl I Juju * l yu ; ij2l\ ^yA 4.Ll.Vfl SJjS 1-0 

U jjb jjU-.it a | jlu , (Continental drift) cjIjUI *>>>j * 

JjjJ j£dJ jjLl toiSL)'- 1 6* — 

1— djju «(JL>JI 3»^ .U< LLa U-u-tj 

c-j a"<\ 4,0 j ni (^jJI jjIajJI <^C (jjjVlj (iijLstlLuitj clilj-Ju djj Ju>. 

(jjj 1855 3jj (Sila litstj 4^jj ^ jlS^Vl £ j-A fj^sj^j 'f^^ 

jt orujl e^l gj^Vl ^1 Speciation ipJI ^3^' u^^' 

<>»j j' j— ^ ^jjj uiu^ 

4J ojSjj (JiSD^ t>i — o' ^"^b 0' J' — ^jjl — t* 

S^oj ItMrtfl j^t ^p*. JjJ (j^j ^j) 4jI^ jAL oil?^ <J^J ^ ^ 

(j L—uu jIjjsJI l_jLi ^"nl Jiri^f jj«J ^ylc- Lulj^t) <ddl Ju^j ^-Lt-ol ^j^LoJI ^LUI 
O^'^^t (jj* 4jjj^!j (_2uju^jj jjj^ j <h 1 «Ij 
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LU>t J rmij j»JL2j <jl j iHU J**JI 1 JUb Jla JJLueaJ 4jL ^Vlj 

Jj*ja ,4JLa — t«l (jjjjl J (j! jjja o"Vlj j^J^i udJ^JI jlSj .i jjJ^JJI j c 

^Vlj i-.it m. j| u . .i*? r jjL c<j! 1 1 jjjljkj SljLll 4 jla ^ 2UjLoil 

jcj^Io jj-kVIj 1 4 < n i| * 1858 ^L*Jt £yz jJ>\j^j& Cr— ^ JtlaJI <iL^>.j 

(j-uLajJ t_)Li£ 4JL>J1 OJJb ^£ jGj 4l£ 1^4 (jr^ J^", 1 d ^J^» ' 

(jiija^Jl (jj9 — «Jl £j — uiVl (j! LJ^La t^oJiJI |C^J JlLojj <_p3jJ,l 
dJL& (j! Jlloj 5^£l£ ^ tjj£ a j 3» . dLjjfjJ ( JL— SLAj 2 U 

(j uix ^jjl c^^Jj (j t 3jJj_uaJLl L$jt uj j^yA j_utUl j J» Att 4-jjIj 4 jllo-til 

^jSVl Uljj 4JL0 J** Jf ^ ^jVl j.rtUtt <jV dUi t 4j}L_«J! 

4jjjJ1 «Llujj (Vjf iVitl i_)LiujV1 jjlalll 4j^tij jjb^v jj!> | JlAj 

j? <_3j^JaJI ^ <jj .4jj| j r i T t 4JLxJL5 IjLuuo ^uuajj ^llll (Jj^JI JLuaJ 

jjjUt 4j — uillU (jjjjlj La 3Jlj Jl>> Luajl ^1 jjlpo l o .V 'r r 

^jUuJI j oLuLiJI djjji^ jjl ia4 jl (Heritability) d^jiJI t 



(juiVIj Ju£. jT ((jJJjlj 4j^JaiJ (^jVl 4jLlaV1 oU.UuaJI ^ j^Joj j^ltl «^Lu>^U ^ILlII)) 
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IaJAI tVs <£*±)jti\ "3uh\l 4 rijrt-w L? k: I uu-i-uti <jSJ j .(14 J-ua£ jJsal) 

(jy l£. jjtn'ill (jSLu ( h 6 ^tjjUtl t-jliujVI Li j uuu <4JlloJo CjIjjAjj 4jjULa 

(_buuJI oLutJj t(jCjl\ SLp. <_j^Liit ^ ^J^"' * Ijjl^ LiJ ^JDj (j f t_sl£ (_£ Jlo 
^JL. X»Tt«J IjjUU ^j-Lj j| t^ itnit ^L^lll 1 rt j^" o 1 1 ml (jlj *4jI j 
^ Lu ijjIsjS/l U m ^^Lc jj>-I ^jj ^1 jt <<L) UUJL» ^ jjWrij <_-l>J1 4j|jLJ 

<i*a*j 4j9jJ 4 ,"<jt <G^IS ^1 A ^il (_>il j-3 ^^Ll j-Aj 1858 ^1 — *Jt 

r.U.»j,H £>C j^^-SL^j V J£ «f^J J^>Jt (j-Jj «-llLljJlIl £jj j (jlj AJU 

4jIj 4Jt ujJ 3j 1 r>V ui 3J1 i-uj ^jJjjl-i ^yJJ L4J — .« ^1 <f> Vl 

18 

LoL«j (^jj — "t Cy* c?t? -*i ' «ML jjjjfjl j (j-u^-tj * 1858 j — jJjj 

(jjjylj ^jjlj jJjLiuJ ^.j <«r>jJI 4JLj1 (jj-SjJ 'f*^ Sj mi r Juu i4jici>mi L$J^*-^ 
«T 'J^»** 1 t* (J^ C3— 'l ^JJ J "'J I J (J-^b t* f 'j^W <-*J 

l£JLl& oj^i "* ' lJl> " <-^l «M^ (j l " t- ' , * a ".'^ 

La (j-uVlj ^Jlj (j£J 1842 ^LkJI 1^"ij"i< (^iJl 1* UJI 0 UUV a 

-1817) jS^a cJijj^ cjL_uLiJftJl fJU j-a <^Jlj^ i V L tjjj ^jSUj 

LjT^j 1j*A>-J *LhLSL?^ 3-AJjuaJl SjjljJI t\isic\ (ja^o jQ>T j j i hf jJfcj.(1911 
jjt ilj) c-aj^"<13 La^JJbt (jrU jvaVl LiJjuJ (j? (jJJijlj Lila ^bju 

4jjjla SjLlLuiI t>o- ^y!} «tU Vju *LjJjJ — ujX\ (jLJ^jj i} 3jU — uJL (jjjLjb 
i(3jl_L>JI oLjjjj jL>*jjj L^j 3l_u«l ji, ^j-ojJ 1 j j j 1 1 <-> 1 1 ^Jj Lio jl2<3 (j\ juu 
^LJI ^ ^jJ! f UJI jlkVl AiUsL u i^ri S^Sji ^Jl jL3VI 
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^Jj L^uJuSjj^VIj CJ ^Jt i h J j*J\ 44 j j ^1 4i j> kiJ^_ > ^ 1844 

<JrrTjtl i^jj cu>9 j . aJ y. r;, « j £j£ Linnean Society 

(jyjj £jj-> (2>^-» J-JJjO (jlji^. Ci>i1 LgJ ^j+tijji jJt L*j — ui> Cjj Jbua 

O"-^^ ****** J**) 'A_^U1 J^j f>i>il OdijbJJjUu UuTg 

jJjLSu ^j—w JjjLjj o^VIj Jjj-LMj i^yj^l ^wJl J^jj 

*(jr*"J 'O-'tfcJ^ ^f***" J^Oi 4j*-**Jt J^aj 

ijjjVI j (j! ^aVl 4jLuL'v (jSLf (4jjj_-ula JL>-f ^JbuJI jJloj <CL%_) 
^tjjtntl t-jlituVI 3j>2aj (jjj SjLiV I ciLJ j JUu Lu b Jillct j tijjuv U 
Jl^j t<jl jJlaJI ) jjfc C^jkj LLj£ cJiJt 4j1 \jJb . 4jJjjj1jJ) LAjLu£.Lt 

«^l^j^l J^usf» j-iiijj ( _ 7 JLi, <jJJjta Ct*tj? l^jl 1858 ^LlII ^ (jA*^ 
24 IV» J^^t M L* I JLAj <>a JL_J>a 

jT^tnUtt ^Li^VI J}L^ ^Vl J-^l<>» L_.L£ 1859 j^iji 
djjLvfj i«dLpJl (>» 2j-L4lil CjV^ uJl ^yk. isi i>JI 

(j-a Juj^o JjusIj L*^ (^j-^l L- <r<5T laJIj (jJjtjlj (J^dtjJ . 4£.Luij1 

&l !j^^lsJI^^^4^|jLA^4jSa J882 Jj>j? 19^^111 

1 Ju^>a OjjJj (j^uVtj lJlIIj .(^Lukll L-tlieTtjVlj jjtv.tl ^| ^L»J| j| jjjl 

O t > I rtjrtU LaLIjI jIjI (iJj* mi 1 1 LLs-lljj : jJI lillj ^yl^- IjlOjm LhJJjl J J>U (#) 

. ^UJJ L^jj9 oIj^aJIj it-iulj (jrtjjSjjJI JjJL>> Jjb La (j i ^ 

•^J3^ L4u ch* o-Lp*^' (**) 
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1*11 fejU 



.^a)J( ajjtalj Lulaljj ju£] ^epmuja ( _ ;r l^- ij^Jj U-L>iJ (J-^J *— u£JI (j^a 
. SLlaLuM u ^4^. Li ui jjT 4_uL>.j^U ^jmj^sbjla ^\ Jjj>o 4j£Jj 

e^JI »JU «^L 1866 c UJI >**JI o* £JU^J 

j3j ^ 1 1880 fUJI V| <*J ^1 2LJU1 c£K A t, t U^Lp. U d ,lr 

(jjiVIj jtla LjjjSLji» 4 — SLU.I cjj^S (JjuUiJV) ^yLt ^ Lu j . ^UlnJl jj — jf ^ 
2L<£1U 2Ljjl**J! 4"uVi»tj .5LpJ< ^jua 9ixJI ^ 1 M .i t a 

, 1910 ^ UJI JU*2-VI fLjyk J^>.j . 1893 r UJI UJ 5L*j 

j*UJI JUU Jjl Jjfc j Jyj-oJl Ulu * 1800 j* UJI JUU Jj_JjIIj 



t LiA L&i -* ■ j I o^Lu L**_*j£T ^>.Liu« 4J (j^irtVi (jl ^1895-1825) u l 1 a jjyimj (0) 

j? 1 1 JlSIj I jj*<* (jSLi ^aJ (jjj j4^xi (jt i ilili ix*l«JI <LusL»JI oljgy (J*-t (j-* i tr>S^ (jjijJ 

<tij^L> >iaej (^SJ JJS tjjJ <>a 4jtj jj-A^JI jjli V (^jJI 4j jJii ^ <>«Sj ^«LJI jjjlj 

l^. jbeUVI OjSj V fuLuJJ Sjlijl* jSlj-. < h MH VUfl o^J -iL-Ltil oliAJI J^t 

Jjlm ^jl^JI -Uua£ 5jjj 1858 ^LlII ^ <Gt 4AjL« ^ l^] bj .^bpVl ^LjiV 4jJUb 

^Vlj -Lu-^ ^c-J^ foJj ("Ujj fJLc 4jI Ijlc Lu3 Cr L v £jt> «la^SLj U J£ jbf ^jJI) t jj_jjb 

6>*>}-- uUj--^ J-alj «-J^ lt^ 6' 1 I j-* t?- 8 < ^M d S> L* J-* 'A-?-? (j' — "'i l»- 8 & j'-*-' o' 
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fdkJI oLiu jlj^ ^1 ^ Cy±& udJL)'- 1 

Ly icj - ^alfi. ^ inllH ( j>UI JMi- ^IaJ! 

«Li2j j_>u! - 1 — oiSJ^ 3 L». — « 



>^ Ut*^ ^JjLiiJ li^/l ^J) iJfctAjJI 

J^^'j 6-^** 

1 1 ^ mm La IjlA^ ♦ JJJ^ JU*. f* d "'J J 

(jl^J 3j£LaJLi (j£5^t-^ (j — jJ 



v* 

: ii§lf 

S- 

■i' 



3 — jjJciilt ^ „ i o.'j cr _SLI» 
uiuK? 'ts — «^LAI <j — IJ 

<j »Jjti t— 1J L— ml ^uiC 
Ijuk J I f) <_Jlj£j ■ -j 

(j'! tl^it ^ *_J < I . ..j 1 S" 



57 



jjjuaulll 4^jj>. JutjJL) (j^loj » L c L >JI JJlC JljIjj (j! t<_a — uu}\J iJ ^uC u 

I j <iL* Liajsj er 2JtS 4j^JI ojjt (jl <_JUJI ^ jujo ijJUJI I — gj 

Jo^lajJI ^ > ^1 jJl jjjuxoJI I J — $J LJaJ JjJ£ — £u — ui 

4* ** 

jISjs? ( J*iJI j>j jU&VI j!) Jaili j>j ^ ^^UJI 

^cj * 1766 ^LlII oi^'-i -iMj-» M .(jj^^ SL^P* L?*** cr^- (*1*^ ^ — «W 

1800 f Uli J>Uj <LiU j£ .^M »Luf J£ »ULJ1 4^ o 



dJLlA 4_j d^jj (^jJI JaaJI jL^i ^ o^'^ £>— 

^ * 1844 ^ 4jUj ^iJj . ^LJjJ! ^ ci^JVl 4_.l ^ 

1900 f UJI Jj1*j ^joa jJb Ulu i( a.U ^aVT S j Attl 3bl j3 ^UJ( 

pl «>Utl JJL£. Ol V£>^' **^J LP — ^ J>^' O^dJ "-^^ J — *J 

Cr'i 100 ^stj (j-^ ' >ic.Lua3 Ltjjjf — *LLjj>. (j^ J^-^ LL 

q 1< (j^Uajj t 1850j 1750 u^aUJI o^j U-i^ uj— 200 
9 Lj^s jtj y * 1850j 1800 jro Uo^ Uj^j L-^L!^, 

.Greenaway ijjit^ f^J^ {*) 
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"T. ' * 


ELEMENTS 




O 




Shontian 


f 

v 


CD 




Q Baiyces 


0» 


• 


Carbou ^ 


Q^ Iron 




0 


Oxygeti ^ 


(z) Z J !11C 




® 


PhospWus 0 


Coppcr 








(£) Lead 




® 




(S) Silver 




e 


Lirur 24 


© Gold 






Soda 28 


Platina 






Fotash ; 


Mcrcury /i/ 
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Agil &\ — m* q* ^ai:jJI ^ic (j^Jj •«j^HI £yt Ls^l 

j-A (jr^jjj ^jl j^jJL jjJjwj ijijjjJt (^j-ui Lljui 43j t^Vi^J^li^Jj d794 

Lfci£ JuJ |<Jj 4jj!jGjVI JJJ>* Sj-ujJl* ^ ^Lu <^jdl Cr**i-> ijM- jL^l 

<<VM jjLSj i^Ua ^VjLLbd (J'jJ I JLlcIj J 4JLJ <jf i<l_36_Lb1j 4 j i ds j 2jJj3 

<> j-A JM^- (jr^- 5 ^Jjuj .<_J»JI 4xJjjJ iJ^u^l L-ufcjj j! jjfc 4jjJ 

.4jU1! 4 m SjL^a <_i,<.ru^l 4jf 4j j£tj 
Lj^ju jJI ^ldulJ I — ss-alijj — ulj I JLC j j Lu^a I J-uaJj (^yijj I Jj 

5LUi Ju? 1798/1797 *H_& ^ . Uuk Lr _i^ jf <L_^Li 

Jluu JLdI>.Vt J tAj (1797 ^LJI *LL$j j} .^^IaJI «Ll>- ^ 
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«»ija^t! jut^Liic (^ii 4JI — u«j» AjjjljjaV <_jL£ j- u Lili oj^Lm 

t 4_i^L*Vl SLpJl CiLlIaL» J ISU L) JulSu 4JL0 jVl f Vl Uiuj «j^L^t 

Sjfit JLt^s OLiujjj - jje Lii^Lc. 4ju«Lw j^tt ^j-ujJ jJI j i O I j q 'i 1 j-^ 

<ZjIj Sl^j (jfj-*- cr^i ^6 L i. J ^j-*^ — «'i cj^^ tS>** Jfc 3 *— J c£j!>*£>^- 0^ 

^^IS c _ t j3JJ JL>. J J .j^4jJ1 (j-4 ^j^^u-^J 1 j 4jul uJI >&J < 1805 ^LJl 

3 ^>JI ^ « jISjs! * ^jj^j 4jjL>J J>U <>» j 4 1798 f UI 

i > m < rt*t 4^k. jLu) Sj^_us d JUft ^j^I OJbj . 5 tjl^A ^ Uj U ^. ^ 
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*JfUJ L^if JUJ i^jt^JI J L — uJI Cr^ J Qt <T> A^U ^-uJU 

JjS (tfjjjjf ulJMj L_ijj^>. (^jj (1808 - 1760) (^jjlu 

^ uiLS^I «uUIaI jtMj . 1792 ^ UJI 1789 f UJI <>* 

JL%j« ^ ClljUJI 4JUfe CjUISLa} (j^JtaJ 3^Lt£, ' t J>3 jj^sj iOljUJI 

(j! Uljj* ((jrtJjL>JU jiaj <jr — a Sjjla CjJu 3j££ 4jjJ CjjJjjj .i . Ml 

<-iJ"W tJjTtmJjJ J-lUjI J ( Jj-JI (j>5 u rt Mil (jl (j^uOJ (j^JjJU^JI fjl i*Mml 

1798 <»U)I ^ ci> 

^1 <cb.Lv jjA o-jjlu lj^Ij .«Pneumatic institute ^jj jJI jl^jJLI» 

(j-ujljJb jjLc.J *<jr^P l^it-ui 4 rtjUfrjt t^ySljflj^tl 4 i »r ^ JL£,Lub4 

.(jj^Ju*]! <oM_ua juc di*^ «1798 ^UJI <>a ^lill J* 

(« — «'L» U^' LJ ^5>*ll jUJI ^yk- 4JJ^> <J jf' ' "J >j Cr* cr-flJ-i lO^U 

!.UiX| ( j-A (t^l^pJ 4 (^gjl ( nj La) t-»bjl ^jl JLC-I JLSa i^LuojVI iii^. ^ 
jjS 4jj5j £j — (j? Jaj hJjjjs* <Jr aS J—^lj (j^ l ^rt M . r«,„ lj OJLPtH^' 
^^f^ljUiJ 2L*^Jll ^L^UI jj^tl^U , ^ AtCIj ...VI 

t j£. (jry^-Ljil ^jJ ^L«jjfcl £44>Jm4 ^r.ji^f 4jf <«^UbM»il ^jjI 4_iic 

i(JiiJ1 (jrfijuus^jf (jd4 ^ a Lu i^^i^ tjl£ Sju^ JL-juj .4 — 

jl>. ^1 j^Vi 4j jj ^Lo^yi j uji (jf ^^Li4 < fl.Vi<i 

4j i A n\ ,„VI j 4JUt-, ,„l jjSUj Ujj jUil oi» • 1799 ^UJI 

(4juLLaj L»Ul4>! £-1^3 V I (jL |«)J (Ji u^U ^jSJj .«ZU.Ij^JI CjljUr ^Lut 

.(jU^.^1 jii jl^. 1844 ^UJI ^ «ubt^l jU» ^Lwi.i.1 
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^sejjI *(<j*». jpJ-j^tlj ojj>SJI j j f n<T Jjl (>» ja) Water Gas #UI 

J j <XT JjT 6^ <-*5>*Xl J.J t" 'k (^jLu ^5t^ Ji^ jlitj jj>oj Jjjia 6^ 

4iioVl j» J I — i h i"n« I JjJjl» <>C ^£ — «uM? <jjjti*J jLttjjVI 
^Ls. jjfc lLxa lmjj jL^jLi (jf (J-^ j^iJI ^ La J} mi 7*i i rtj ^£ jJI (juijSLIl (_£ j_Js» 

jj^jLuaiJI < ^£. 4ai< a 2LJj.i LjjJij^JLJ 2j-£fu£. ^JU L;r flJ-5 ijj^-^ 

^^jj^lt ^ <> Jlt <> «uSf 2UK «JJ! 80^ j2St <-kl> 

^LJt <ySj .4jLp- C.^jj J .^'"tf ^ <_ib£Jl jjuu aj . 1800 f LJ1 

j!) ^ *L£U 4^ul> Jujl>. j . f l^SJL (*UiaI £c « ?» . n<j 
Sbj^ULi 4JUr. J^l-Ij .Galvanic Pile ^UiiJl j^aU cJ^a (Jat , ,V,<I 
jLj^—^Ijj tjj-^e <-u£lj j^^jj jL-jjb ^Ul J — L«ll — u^L^Jt 

4.L. i*" ^ ^Ll^ jl^fJitolJj*1799^jU ( > (!? iUI a^ai o^bj 

Cf-i'^j )! j| - lLI Ijd c-jLi, .m t 4\j*j j .(jisjjJl ^ J><^J jIJl£."^I ^3 jj — ua3 

4jt£j JSU 4^U^ JlS^ 4jf Iju^ ( Jj12j dJUi JjS C^jLA 

C*i^ Llj.ju^l^jrU^lj^LuJt^ ^AJ 1802 ^UJIo^lo^iiJ 
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«atid j*Jt| m y»jt 



1(jr ijJ Ls-Jt I J^1>J .«Cj^iu. «U Ijlj (^jJI JlC^JI t>ASBJ J&uJl *VL 

t ^iWiA «Lcj i I — jjliajjj u& pL^a-iSPl u JlcLuaJI uJt ^'yiitl 

t-ul^J ^^1111 Jl^jJLI — 3 J^jugU Ij-JJL4J »ljoj^tl |jL£,| uut \jju£»Yse^ 

1801^1^ 

l^j^iujfj Ijluv IjIjlcI 3jutil 4ipU.V 5ji iVlj *bVl d<_p- ^ 

4jI ( _ y !!Lv iSj — jJJJ 4j jL>Jl <Th <^>V uij 3j_utXI 4jtjiaj (i< jj-a <jj I Jl^j 

JLSjjjjI La fjicjjLMj . Lftljl*^ jJaill 4j)j-usL3tx i_u^U 

Jjjs cdJij 1802 jjU tjs cL^j^U jLLj»I < fj^tta ^jjj 1(jy mt Ji£*A1 ^yS 

U^o lu <«>j U-lLu jus (jSLi >xjlH ^ «Wlj 4UlUt ^ 

. <jy SlUt JL^Jtll i£jJLu/ c^Ijj Lalajja ^J-ivC 

j*L*]1 (jr 3) JUu Lftad 4jj£.J ^jJI l — c-a i L yojj^\ ^ ^yajJ CjIjI^o 1 j £j 

(jX. 4J r uli ti Sj^lc) j^Lj ^ jjJaLsJLI ,* j»jt ^1810 

(>a t^j^t 4J — cJLu ^U. Jjlj ^JU9J t<LJL>. 500 JjL2x (4___u^SL1I ^LomSUI 

^ aJ Jj? JLAflt 4t, ,„ ^ ^1 - 750 JjU^ ^ij ^Utl 



*System of Chemistry «^LuuSJI a^^Iala» 4jL£ <>* 2i!dl!i]| a - : M ^ 

«■ ^ j At t ^jj r tii. ^jJI otjjSU Jjjl* Jjl ^ >1) 1808 

.(1803 -Ull^bl^^i 

<>« JjVl jLidl SbL^ £4 ^UJ! I*] 
( ULp4 (_>iJL^f (^k. f Ujj i( jlSUj ^jjjluiJ! <jj» jjt o±>£& ^ J M - j 

J^>j ^Juu LIajus 4j Juij La £a) d\j jJl J j ■ « 

j-uaLutll i'll ml ' jLx! 1^* tV*' «LptjjjJ Staf l^j^^^ic JLj^j V L—^jI 
4 fl '« i K J^fojJ (jjlilb 5 jJ J-SM^JI ^ Cujj ^ 0>9 ' * cr tia2ij q\ Jl_j ^ 

SjjjJLI 4jLp. JI^L 4_j *L£»¥I j ,<u>&JI j^Lk* 4^ -£Jj jKL_&1 ,ju* 
Uli dl^ ^ 1822 f UJI a, M? lL i j^j-j <->'■) 

c^ ( 1844 ^27^ ^-^U^Vil 4^|j Uju*j.(1830 r M 

20 ^ it jjj — lujj^Ls ^ jjJ^Jll <^joLjjaj — jjj (^ju»_uJ1 ^LumSJI 
3^j1jJI ^ ^j^Jjjjjj Ulu (^JJJ 1 1 — uijjua iJ^jf J^£. . 1779 0 uU,,ir } 
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tf J y££~u* <J\ 4^5 ^ o*&kiXi J2j»J * 1802 r UI <s* 

jJLL)^ p^'jj ^Lj-a-t^H fJLJ j^t <jj-> (>* — uiAj^Vl Jjl cU^ ti^p. 

ju^JIj uJoJI iliu& Iju^L^ 4 ,„fli f UaDL J**. ^ (1.852 - 1766 

4J&Jj.<U^ >Lju 4, ,^;^ ^^Lj^-u JiA .1807 f UJI ^tLc-iVl L_x2r. 
JUi! Jl* 4£- « U^lu m 4 SL^SJI ^Lja^JI 4xJj>J 

< Lu^ 2lJL_^j Lu^ Vj.^ ^> ol * ^ 1 

^UJI u^ui jjjtiiJ vj^' ^J 1 ^ o-Ji 1 ^ 1810 
^ cJJiitA y-< 2000 (j^jj jj) 1 d^v ^fa^ti j— u»U*JI 
^j^jj «UJI ^ ^ tw^ U->A ^ '(1812 r UI 
4jjUo o-J^^iihh! j 4^ 4JJ 

^rj^c^Vl o-W^L» UfcJtfB ^t^T ttj^l j^L«JI gj**- 

JJ> Jj>U c^j JJL h> o-a ^jJi ^ 4J ^LuU ylt i . rt'.n c-^rplJ 4fuo*Jt 

ju^LuJIo^^c^i J^J^ 1 t^ic^JI Ijuk ^LumUI ^Uk. 
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I*» fcjU 



jl£bl ^ UjL J^Jj fJj^J JJ^ 1 5L^>4*- ^ 

Organic Chemistry «4j^uJI *LuuSJI» cjUdla^a U^j! ala if .LuJ^\ 
3*.uti 1803 ^LiJ1 Cijju-oj .«(^uj^Ibj iCatalysis <Q j^'tlaj 
^ jJI j <Textbook of Chemistry «*Laj£J1 ^ £».jJtl» 4jb£ <>« o— IjVt 

<L*_Lo j . ^tU;tl ...tj I jj^j Jjiis-J <tiUi Juu CjU-lLs 4 La CjjJLlo 

2 1 Lh&*3 ' 1835 j»l *J1 4jaLsj (jjjl J ' JUj uJI jMa 

. Jljj_i_uJI jji.1.1 ^J^Lk. jj JL2j 4j ^iksej Lo-C J i*Uft_iSJI <jUe-« 4jLiji 

^Lc (j I Vjl L_3j_»j .1811 ^L»JI <JjU» ^« 1 <ifl"r L-<^> Cc-hj (jruUlj (Cifj jJI 

oJjj! (1850 - 1778) ^L-^J - ^U. o-u^J u t „\ >JI „LuwSJI 

3 U,,.,; ,.„,;, oljUJt <jf . 1809 r UJl <> ^h-^j *1808 f UJI J* 

(jL» q & > . JLgfclt cilli (Jllt« • AIcLaUI CjIjUJI ^»L*l>>Lj >^+* • ^*-> ^jyJLt Jojj^j 
^jjLoJ ^ihAr" oljUJI ^-j.q^>- q} Oueajajl t_JjUeItJ cJiLJuufs^/! | JL& (j^Jlalj 

<jj-i o—* L aws of expansion and compression Jol «i^VI j jj <qJI 

* 181 1 f UJI ^ <Ux*L L-ajt^ai 4^ > j^LoJ (1856 - 1776) j^U-jM 

jJk U^^jJLj jLc. ^! |Ve> (^jlbeJ <1jlXjC 6j\jj>. 4jLj ^ ■ ^ ^ j j^jJI J 

^jlJI <— 9j) ( ii lUj — ih n lt U>.jjj . CjIjJlJLj <Luju Loj oIjj}j>JL) (jscj 4 j,, i, «'i 
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jjkj) Polyatomic molecular form cj! j j_JI Sjjmi* 4_uj^s. Ij^o 

<jt IJlA (jJLjw .^ UVl ^ i „U 3j)tnV (O u -uJj 02 4JUJI ojlA t^—fl 
J£J 5j j <JJ jj ■> , p^jjv J£ jjl^ (jl JLsbjj Ujuc <G?j *Ld T, ' U-* 

.2H2+O2 ► 2H2O 4lj^>JI j^jJL Ioa j-utij 

^ ^ f uj ^ 

jl rtl^Vl 4 J It* JjLc^j t Jtj^Sc i^JLa ^jyic j^JL) t * * J} a^fcj ^J* ^ Loj^Sj JL«jv 

<— ijl r*Tt\\ (j! <3jLL<i L^J Lj . (jls>j_illt j-ilifcj <j| I j K <ij ^lll (-jjLaLlil 
SjJlaJI 4 JUfe jjs«j iIJlLjI 3JU». dj^la ^ylc. dlAJl «^Laiy L»L*j 4^tfll^ 0-jl£ 
Cj jIjj ^LJj ^Ltaj^JI »1 j^j^tl ^JLc c-ufc j 1 1815 ^1 *JI ^ jj . I jj^-Sj 

^ ijjjJI jljjVi ot t^i ah* l> '(1850 - 1785) 

JiLl I I « l^~> I jL<b 

(j^flJI jj^» JjVl < rtinitl (J^L>- u-UjjcTJI CjI jj^j (j? JUj . ^rL>jj Jij^J I ^ ^ 

(JjS J jjcj ^yifi, 3-5 jla-A Cuuul 4SM»JI JLA q\ (jLJ L«Uj ^^flSj 

4jIjj j.^if cj! jj) j^lkiJI L^Lij^l j_4j ,cL^ (jip^' o>^' J>^a^Jj 
JS^ u3^1 o 1 * uli 'Lajil» lfl!^l o* ^JjoJI L^lj^T t M'Vt 
. jJtLIl J*. (jSLal jjJU^JI (jja SJl^Ij 2ji jjj i_j uls 4j3Jl1L jj!» j^Iaj 
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SJJJL^ cijU at •(■»>>■>' ^ > J - ai * J J 5 ^* <J^ 

*m jia tt >*ji .^Lu^sji ^xt <> o^>^ oh ^li' cr^ 

jlui ^ 'O' sF ! J* >^ JI oU-iVI jT jIj^VIj gAj^l) 

4^*aJtl oi M *^UI ^ W*^ ^3 O' 1807 f Ul 
5^ ^ul!iJ| SLtj^JLt Ulu ,4^ oUjJ^Uj 6-« cJj^' 

r^.u^j «^j^^c V» ^-1 U ^ -Jr jlU JlS^ t 4^sJI CiUjlailL 4l^JI 
l^U^a ^ 2LUj-a ( 4j^*JI j-JLi Ls^lj £j^»t ^L^JI jjlaj J— «J 



j^Vl I Jb LdJjJ iJaii <U>JI CiU^laiJLi £tt 4j>^I ^1 jt 

^UVl f <i^<t| 4^^Lm « ?.A7sl U»Jut 1828 ^UJI ^ 5UL« 

^ ^jl^i 451 j^i ( 1882 - 1808) 4^ 
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♦ 3Ll>JLj d ^ j"j a <la3 jj^a 4jjjua£. j| j^a C(.t-Li.<a SJjLa^a <_jjI >o 

Jd4JU 4jux«L£ dLp» SjJlI Jiyvj V (j f j-JltC j-ujLlll 4jL^j jjt.ua 1 j I JUj 

^JJ <>>«tl CjL^jJII (jljjL*J -U S'a (jLcuTu "duu '^JJ <^»tl » Ll<u£J ! Ji-l-i 

i5 jJjjuo L« LlIL£ 5jj.ua.tJ I CjI <jt La^Jjf . 4jj.iJa.tJ I jjlL CjI 

. 3jLc <Lallffc.a j-uaL^. (j^a 2j_u£ CjIj j (^^jJLc, (^jTtaeJ L^lS hJL)^ <J-**0^ 

4 njfi^vtl J-^j) U3d^^ C?^ - (JyJ?""** 1 4jjjuitJi diij^it ^jo'w <jl l — o^mIj j 

jLsoVI , ( Jju I hj'a Lt^ t^jjJ^JI «JjIj j (j S/ 1 1 A, InVi u 

L^jJj jJa-Li ^jjjj^UI (jji^- (^j " ^ * ^yjJi ^jjjjjuSM CjLjLi u S j La (j I Ijuk ym ,' m A 

Jl£ «Vl ^ J< n, j^L) JJLu V \jJt q\ Jlu - 4jji>>f SjU 1 AjUkilj (j^l 

LijJI {yi 4L»l£ JjIjjj- 4jlLLua j^i USl^a ^-uuatj ,j±Aj£ t_dL!^l 4-uutt <>« 

.4jo_uujJ 4jj) jtjw4 jj-* J-**il DNA 

. 4jL£^jaj {jjj^SUI »Ll«m!^ 4jj 1 rit T t »Ll»->SUI (jjj tjjj jj^ (j^- iSjP^i 

(j-ul jjii! ^uaiej L^jfj ijjjJ^SLJI ^Llaj^^Lu LajLu£.L> 3l_pJl ^1 (jVI jJoIjj 
Ijuk u^jfj .CjLSjjjjJIj CjIjjJI ^kJLc *.Utj? ^ SjULJI L^iii.) 4^Ll<mSLII 

J^L>. 4jJ «jiLjjl Jjj>o tijjjL» tjj-uVljj ( jjjj1 j jL£b! (Jf \£. Sj5Lc ij^iJI 

LJ £juajj j| — (jj^' L?^ 4£> (jlSLa >^JI j-<uC ^juiLUI <jj-SJt 

jj-flj (^yic JjJj V j!j tiLuijjpJl 4SULJLI sjjv l u] L7 JLxJai\ c-ilicjjVI 

«jj> CjIjLiIIIj CjLjl^pJl (j! ^Lj«j5JI Lll ^_ua jjj t4_uaL>. ^j^j j_cujJI 
. 4_ual_>. ((3Ll>- ^ic (JjJj (^1 jijj t^jljj^uiJI ^JLaJI 

Valency^lS^Ji 

1 j *~ ^jusjj jjjaVl <? j & (J£ 4_l3 CjI Ju ^ jJI cJbjJI ^ « ^jS3j 

«tljoj'v!! ^JLc ^Jj3 lil <Lvl*ifla Juu 4j_ljuLlju1 ^jJbLdj» 1 JtjJjjC J I lju ^ jJI 
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g^lj Jjt (1899 - 1825) .>jb->l lSj^T 

jLuw >*j .Yalency ^>*j U J^** 

^ CT ^1 ^jJI j Equivalent jrttn.^ a l^iu &a 4 *_l^UJ1 

li^ lijj . rj! JI j^UJI ^1 Equivalency «^jt_^l» =U1£ 

(1892- 1831 )^jLit£*-?1 ^jJL,u5ajT^.1858 f LJI<>j 
j . ^j^l Sjj £« 5o^l j Bond i_Uib Oi^ 3 ^^4e t y' M J 

JUL JUjj .(jruMj 0*-^^' ^ H-O-H J^S ^ 
amonia Li^t ^-LJ j^1j^ Jc > O^jd^ ^b* ^ t* 

<> l^>- ! a>-^ ^b^ ^ 5 t ^ ^ ' f d t* 

.0 = C = 0 U^^^^^^tCOZcuj^JI o^t <^is <> Jb-JI 
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L^jIlS «J^Ldil (jSJj < >Jj£ t.S>,J J-ilJ >9*tj .3J lltl (^jjL*. ^yl^- 

(jSlJjJU^jS ^^cttJj-dJI ^LlojSJI ^JLc (JZllo^ jatj ^lr j 4-L±B Lkj iij fj] 

CjLaL>» iliA ^yl^. l> a*aj ^^«i JLa_up fj] (jjj^LIl diljj (jt j 

(L^Jjl^ M£Li <>• cr* >£t t 51 iJI j) 

' "«^ 4jL^ ^ cA£^J J^t J-^» jl^t ^ t* 

JL*£,t t_al t n"<| La (J^itb.A JLuu (jLv ij^uC J- ^IjJt 

4Ajuoj (>SLqj L» J£ (j! <jja ^c. jJI (jjLcj '(^iJtJU (J^* 1 JUb jj* 

iIl-^j f.\ n"i rt^U tf^jls 3l__p» (jiLc <G? VI ' ■ ^ • 'i t J^r «UL» l^Luajj 



,1 t <i t 



«LcjjIaj ^ S l"i 1 826 ^jJjj 1 9 2AZ,* ^£ j_^a^_jJLj j jj| 

ol^ Jt)1>fi^ L.? «-ijLH^O k±>3^ «^1 Jj^l 3; ,„» SjLju 1848 
SjjjuuaJL SLpJI J»^ (^jJI juoVl tiLoj^l t^l a . , . ^ ; * , f tl \-a ^ ,* j 



^Ut ^ ,L^Jt ito—t ,(1889 - 1786) Jj>^ 

1 185 1 f UJ1 <^ UU-*1 t^l 5 ^ t**^ 'l?**^ 

J^IJ 1855 f l_^l <> cr-»l . ( * ) i=— i>ia^ 

jju^t jjjU^! si^j o* .1885 f UJI <>J • 1811 

j^l lu* e^jt (^i>^ ^ f-* 11 U JO W 1 * 
oU.U*j c L**Vt j^I ji) oljUlJ ^3*^1 f 1^3— 1 

r UJI LuU! ^ -Jj^ <> <> b t-^ ^ 

^ c^JI jK-riN j^u Loj^ W G c^-J^ * 1860 

^jJt 2LJLLu* j>iJ tfolLiM s-*--.** ol^ J~oL 1860 f UJl 

. .^cui J^M aioL-u. o^; um ^uji 

l-jjuslIa jjIj^K Ji-i . Jtan jW^ Cr-^ l)T ^ * 1861 r UJI J* 3 

b \ JJ> « 1871 f UJI Jj*. ciJUA ^ ^ .jajjSL c^> *Lum£J1 itL-t 

JLi a^L>Jb pL^U lili-.! <^ U JJ lPI J 2 ^ 

oU^ji ^ i>^ c^! ^u*j^u ^u^yi a-^ai 

^"j-^uji Ujl; .aU^Ji o-s^ ciUio^ ^ 

^s.a^t l ^1 .^L— ^13 j^AfJ^ 1 ^ ^ ^ ,1910 f UJI 

1 ** ■ *. 
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i J^jadl) jjua (^JJjJI (JjJl>JI (jKjjI j|) 4-jS1 SLl^jS 

L «lir Lal — <ii^l <jt JL»u cJajJl <jjJtJ$ uflj^ laJI jyi^M LaJuLc «b! |jL_£jjOj 

i^Jtj a^Liu^l ,(1898 - 1837) 

^ >I1 o^LUI (1886 - 1820) l^jj^Li 



I f n <l 



<_ib£ 1862 ^.LaJI ^ jJU-aj ,(<*)jj>.^tj juL<aLj| jrjj 4jjUla (j-»l>>- J >j 

(3rt^t ij 'J-A »t ia V (iili <_)L uil JL>>1 Jj*-Jj) jjLlc.yi Ojjuaa (j^JJ jjj -j' 

'C>^*->f >^ ^P^J 3 LuLhl f f4i t^-^ ^ ^ 

J^>. I^Llui jj^J jJI jjuV^-U j, m< 't LaJJjl <j£jj i(<Gj^3 

* 1865 j 1864 (j «Lc ^ £>«^»>tl ^ljL>^y o * 5JL 

jjjjJI i4jLa 3 J ul£j 4jtjj9l ui jl iiiJi !j u/ 1 !j-lum jl>.VI jJb i _ y 2l 

ti^tjJI (j^ij • L^jL^uiV 4jJuatJ^1 i_3j->.V| tuLjt Jb l^jojj A^LtJU «Lj ii| 

4_ul^>JI <CLua£j JaI^JL 4j^i) 4_j£ ^jusj ^jJI ,<t\\ alx*> ^ Lj _uujjJI 

^■Ul ^L£JI juu ( 1884 |*UJI ^ VJ jju-aj ^ Ij «SLijLuijSJI 

(jT ic ^^yjaj^ Ju-« Si n 1 n t, i L^TLiJt Jua jjjV^jj 4_jjl4^J1 £i-*-j„& 1887 

(jifi. IjJ — <m^.I £y (jru i^jj (jlS jJL-jVjaj (j f „L a T t A j jjl t _^ol ^» J£ uu jj— « 

. 1860 j»UJI 5jlrti^ ^jJLjjIA 
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iW» tfJL-Jl ilJ^i c^jAL&fl O-^J 

^1 ,(1895 - 1830) j^uU jtoy y-il^l ,L>^J1j .Luu^JI 
^ ^«vrtl ^ Ij^-I j 0K5 . 1864 f Ull ^ j jL-JI 4!bA*li 

j£> 3 jyj^i dij^Ji ijub u^yi ^ 'sF-^ 1 

^j^laj ^ 2LJbJI aijUtl Oi ^L_cJl ^JU ^ ^uU a*£j * u^l ^L-tVW 
^ 4Jb W* ^ 1 jn^nt J>J& VU£1 
r UJI VI JLuUl" ^JJ 4j j^jlj (J o^Jj < 1868 r L^JI J^l ^aJI 
Jja*U U^JjlU 2Ul^»UJI selili ^ jn^-j • 1870 

cjLICu- J>U. 3 jibLw JU^t ^ ^y^i tfl ^ lSjj^ 

jSj .^uU ^ 5^ jt) 43lj dyJo^ 

j j ^iki c-—** u^j 

. 1 882 r UJ1 ^ ^ «Aa^J ^ 

, (#) ^ ^bll ^J'J" V> l> ^W*^' Wia^ 

^ l yi*- JI^V u^^l i53»j jeMi 27 ) 1834 ? LjJ < 

^ iaLciVl SjL^I ^ 4^1 Oj^U: ^1 43(jUll ^ o^k 

" . 1862 f UJI ^ ^LuJi 
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liajj^iwj bjU ^ Vl 0_Jjj (<u (j^ij JI^jV t£jZ+i* jtf t «> «J J uaj 

^Vl cj JL> Sj.iuvU.jJI cjL.jiuaJLI Jj^p- j-o jl^Ij ^lu j juu$ * 1847 

J*ju» <y3 1856 ^LlII ^ c-JjJiLa pix* Hinaj 4 fl «J 4j£Jj 
J^O^J tJ ^** £uLj Oj Ar Juu j*Vl C^Sjjj .ojJlj JaLj tlcp. ( iLjjpJI 
4a,£juj]! 4j&l flT* ,. ,1 JnC, m .Ij .^jJjcj tj! juual <U| Jl* <jl£ iSjOlaj^ <j\ 

i**L>JI <J c*5t^3 i t — ulojI ^ ^LlII SjJL L_u*j ju J*£, j 4jj jG fuf juu 

C^iL-u, 4juaU. ^ #.Ll»jSJ1 ^ jm ...cwlll ^ Jjj-aaJlj oLJjj Juu 

< rtjjt A'tn U^J^U* Ja£. jrtjftLl JUUJ . 1856 f LtJl 2>*J titOA. • - - ^^iaj 
4v8j£>Jl AjLcjJ £_i^Lx ^^IjJ J^u^ij Jselll SjujUJI 4ju^|j1« idJoj 
LiLL*j£j OfwijJ ^h>JD «-«ij-Al J*£. «iu». <gj^JuA <yij (j-jjb ,ya 

£Uo*VI 1 1860 ^UJI djj^JjI^^ j^juI uiy. r t j.-^j ■ f>j 

<■ « r/> , i. a — u^Jaj c*jl — ui ^yjj «Gjjfi- Juu t rtjjju.4 Ji jLj . j^tj-j tt< ^S'.tt 

'.1865 r L*JI ^Ijj-j^jJI 

<J -«JI ^(j^^u^Jlj^L^JI jjLsli^^f^^^Jt ^ t 1891 |*UJI 

^UbJJI ^L-jTj l^j^^ j^bJLI ^MU! tf jLpu| ,,,, UM j cdJjj 

<>« ^Lj 4jI ,„TI Cilj yuui Ju^i Juuj , t ^_^j > J| ^ jl^Vl 

.((ojuUI fu^L. jjLl 20) 1907 fbJI ^Ij^i 2 JLUI ^| 4^ 



1852^ ^jLul^iO i_^Jufe 4^djuaJl Jl>-I^ '"'J ' 

spl* fc*J ^Li^i ^JJ - udj^' J> ^ Jjf^J '(1907 - 

,(jUI>* (i;^ LLbjf iiji^ U ^aj) 4_ul!tfl »>JJ Jj^ 

^ « -^ j a i, 1 ^jtt't 4 ^jjLs jJu-d LJpja (L*j-uI 4 1 unit < Jim1 . AI * f J- t^ ij 

^l^iJI cru (M* ^ 4 -^ U ^ <( -^ * 1870j 1868 

l^ljjL j^lLJt S^Mc ^» o' >^ ^ 1869 f UJI 

^jjjJl J$Jl>J1 <> l£J >b tia*J tiJJI Jft*JJI 

. i} t |, i iLjlii» cJl£ Sjjl^II s-jJpJI 5^L_c} oLW o! 

l-.jj^^I cdJju J-^JJJ t 4_jjjJ! L^ljjl j£j cr* J — 

^/, 1 mX! I ^l^kJI CjI j j^UnJI «gi jia^ 4*.^J t>^J 4£Lu1j 
|j<*j . J^jl>J1 J— ^ b 3jlcx! ^ 5 j — <1L* L^iaj a>] j-^sjj 3_JjUjXI 
^ Lijj , a iVt) 2b>jJ1 jlj^Vl <> C^-cjjj 

^jjj^tiJ» dUi JUi* . JSL_^I ^ ^ objL^I ^ l—L* 

j -^'^ ^aj tBrominoe oy^jj-^^ Tellurium 
V} V f jjj^iUl ^jjJI u3>J* • ^ ^L ^ ti, 3 j^j i.^» 

ojjtt Ulu ,127.60 >k r j d j^l > 4^Lpa]l ( ^jilil ^y^Jl 
. ^ 0.55 ,U ^ j;LiJI T * 126.90 >a j 
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i£ j (^jJJ^il Lutjuaj tlutstJ (JjJL>iJI ^jJjo^jUlII (jJ JlA L-^jjjJ ^jji ^JJ 

£ja ( jj^-i!u*Jt L4L4J Ltxblj ^ k^I <j! JUu JJJjlJtj ^cjJI <__)Lj_uI 

CjLjjjj^_tJ1 jjlc ^yJU^j (jjfcj ^jjj Lu^ jJI jjulII) 5j j J£ Sl^j 

JjJusclI <±<jJU>Jt jj-t-olJI U^O^ >U -teljj .ct^ill Jj»b Cjljjj.jj.ilj I J^JIj 
3^L; .aljjdl (J-ujJj 'Cij 1 ^' JJL*JI 2^Lj jljioV L&j ju^LulJI C-<JjJ <^JjJL-JI 

La JJkj «CjLjj^^jjJI (j-* jLl*JU (>7 ic. 1 Jalj L>- jj 1^*4 JL>o Sjjtj CjVL>- 
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.jUjjVl aJU. Uj^ 6^ ^ t 4^U^j| ^ j^lU*^ JL: 

t>o SjuIj^La jijiki 4^wLv 

aj^I—L (jruJI dUi ^ cdLiA i 1799 ^l^JI ^ 

a^J! r w ulw jjUb t>k 1794 31 .^^iii>s«j Jb3^ 

(jr^ ^i>*J' j-aI^JIj aja_£JI «uUL*l tjj.jUb J_^>ljj 
6^ 4 \irtfi\ a Ci UjM . > ^ JlIJ>» jUJI jlSj «ijSLpLLcui» 

Lbj? j^j * JaJLuaJlj SjIjjJ! 44lLkXi c^tJI ^ 3 it-^H 

U>>^ LT*1 1801 ^»UJI J^>>3j • l< j '^i l rrt^ 5JL>- ^ 1^ 
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iajjb c^K L_«£ «j^b jl^— 3>T J— u*L-j pLu SjI^J o^VW 

^_«UJI ^1 £-ik* ^ 4JSJj ( 43l >xa JUSI f ot ^1 IjJ^ * 

iSjjJi (>• o- 0 <-^>» j — '■ Vif J^oW 1 *"* « <*-^ j — ^> 

Sj-lUI 3 j u.njJl *■ < > - , M . nl l <jt$ *>^*Jt 1^ £^ 

uij (j i ^SLoj U ><kj) «ol ji (>» L£>«» lJJJU U'^'J t» ^— ^r"" 

j^j 4*^1*1« oj^'-i J^^J «S-lJUk* <r^>) J^j fJ— ^ 

^lj a^aij a^j^i 4jjl*jVi j^jJW UiUi ^ u okn- i^Jj 

„UI 6 t jy^> .i!bJLK ^V , ,. ,t l j^jJI ^JJ -»1*^1 

.H2o Ho «JJjj» 

^ 4^jj^ <_^l ^ u ^ «tt LL-»j ujilb 0^ ch 9 f— u^-i 

USj * 1804 ^Uy 1803 r UJI j+*u*> J* J^at t> «olj^U* 

(Uj LusU. aisT- ...t ^ oj->) ^ ^ ;T I 
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J&\ £Ut <LJLMj L_uo >ia Ujlju 1827 r Uil ^ 

iJlj 4j^UJI ^ ^Aj 1829 jjL> 

(^jVl JjiftJI J>U- Uji ^C^S j I "UUjJI *JUfc (jrtJUJ tjl^^J 4 ^| 

j JjV) «.Vl J^U o^^-j^l t^lft o>Lwol9 '^Vj^j^ 

^j^- OtA^' o-* 2j_^| JoL_^ o>Ut-> <jf j^jJLj jjj^j. 1766 f Lc 

<>* f f j — lSjLo I j] 1 — o juij La ^yLc cj>L* «-«J! J ^" iVt 

Vju CjLlwsLjjJIj <GLal o*l A t jjj^jj 4J ^ m- j^SLjjSJJ 4_i_ujJLqj jjlllj 

<Lp.L JatUI Loju<l ^IJjj t Ji^JI ^ J**J| ^ U <bj^ 1781 
'tPji» rj^ cr^^ "^j^ ^Li>T a^f a^i — uu (jl^^jJI o^Lij^ 

er^J * U^J J>il,l Ui>" >^J-^J U g '-v ! C^sLi Lg-Lu ( 1 785 j*L»JI ^ j«jlJ! 
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!UU*JI «GLoUIaI «Luujj jj^laj ^ J*^ . 1793 f UJI j£- cdLLA JjjJI J 
(j-a^ 4jj^JI jL-ajVl jjj» SJbjl» 5J — uAjju *Ijj>-J ^ £j (i L*£ iLdijiiflj 

. 4_uJLI «Gialj (J7 IL>.j 1787 o"jL« 24 (jja f IjLuI ^jjj LajJ 1^.1-LJe-cuJ f^Lc 

jt J>j jni«< f 4jlaL*j JjlsellVI «*J i«t l (j-a ( j^SujSLM £ya <UjSLtj) 

Jj^iJI Jjirt^lt 4 — «La T J* f V <jL «Ltk. Ijjl u»? o^LSjbua! (jt j jtc. 

<— ll j-*I»L*-« ^«uJUj ^ (j^lltj^-d {jaj .£j-*lcJ| I JuA J1*J pl^l) fj^UI 

j! dUj j>« <5jla tjlSj »ol_liUI ^ IjJuJa L^LLla ^ 3 «U, 

*^>f^ L$>*-f ^.o-Li U- 4 fc*A» O** Haj — uu LuaSLfl <CLL>.Lj >^fcf 

luj «ciu^ gjjjj «LSjj*. a r 1 1793 ^Ull <ys £**«Tj y- ....v.u 



<LuLjL1 

u>£U (g^Jj^ jjj) Sjl*jl>JI 4_iKJl cij«,mij 1786 ^UJI r .u ,^ uh y\ , «< «V» L» 

^iil tjrt i.n„a.->i,tl CjIjJ uJi i£JL4 (jji^ ^ 'J 1 A j**' ■ " ^ A '"'J 1 

J^b ^ i^lLuJ ijlaiJi <UlLu^> LlljL^__ii ijjlJIji LkLjai 

.aj^Iij t ^"n<i ,«"1 jyS 
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3U,j J* l ^j ±> 3 tAljS <u*1aj . 1801 fL_*J1 ^ ^1 j^U! 

4_L«-qj>Jlj jj^J L$-l3 ^-i-ual j^^HJI 2j uJl) 1803 ^Lc j < <i < ^ 

Ji£.j-a ^yiil (jjLuJI ^jjJI »Lu3 Cll^juaL>J,( <LcL3 ^yJI <U%iajudl lJljSj 

<j£j ^ (jr^- 1 O-»*^ ' JLc Cjjj^ij LAfjJL (j! 4 — La <»1U$ Sj — 

djjLc. ^jl^pj m< Lr ic 5juu»L>J,l ofjJa ^yJLJI jvjjJI ^yiaj» .4 — 

j j r S <tkj*i* S ...t/,-^ Ltj,4>. Ijjulj . .♦ < jrf j >?r t~it 200j 150 £jru 1 — « 

' »j Lo£) 4jj-usIxa ^ — " ^ — "» <jl JLu .«2j_JdL>dl 

jiic <j:j jdl ^ij-Uil UjIc t^^lajl <pll cjWjlH J£ «(tJLH 

( Jj2j>- jLL>I ^j^-oo 4 jSJU! 4j,«.o>i,ii j» La f (jlaj — *Jlj (JjJLssjJI ^»J^J t2>j "ia\\ 

^ yuuuuA bjjueX^X\ OjtLj — 1806 |*L»J! ^*^5Lu Sj-usLacja f-Liki SjjL^i 
4_JljLua 4^tLo 4 j , u\ SUajjl^Vl (j! J^>~ tSjljVI J J^UUI J — a L»j5j 

LuLLaJj^i jro SjjI jJl <_) j >JI (>« ^ jJI (^Ll tt3 JLJI j*LJI JM— ^ 4jJL&j 

CiljLu J±)-£ 4_dJ^Ji3 ^JLMsH uil 3j^>-J S^ILaj lili j JJUJ .tiJI JdSj I i <i <J^J 

jl*cj <-uVI 1 jjt \ $Ar (j IUIjj^KJI 5jl — a Jj — c 1 18 10 j*L_*J1 

^ 5j<IU Jj£ ^ SjjLy. J 'i o" 3 ^iJoLt^ .Bakerien Lecturs i^SLuJt Sj — uaUJlt («) 

(JjliU ^ 100 a 1775 j*l*JI j^j ^S-U t£>l4 JLuoj (jrl*. t2< ojjjiLjj . 3jjL^jjiIt f^ljJI 

.[^xjoJLl] Sjtn^lt UJL>o La 
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<djL>u oi^yw c£> ^ 'M j ju * Jt£ - L^js^i o-jajtji 

|ju! ^ 4j| JLu lLr ijJ <Uj£ ^jJI (jr Jj^\ jU*Jl * ^ J^Hi 

idj^ill j 3 >^AJI j-utu jb 4-uitj o! j-Aj t_u — ui *Ujj .£_u*juaJI l ^SS\ 
1 1812 f UJI ^ (juijU ^yk: J <r.^j .^^^JUJI Ja*JL <Ltll*j— <>» 

(( ^U! 04*i! cr-^ I J^L-— ( JU*JI £j| jlt ^ <OioU.) tf jljUi uV-Ap» 
.jWJ I^Jb» *j3J4 .havJ 4j£]j ,(1866 - 1788) j^l* ^LJj 4^j 

4^l^4j^-*j(tfbljLfl L^tj) 4^ujjX.2Ustj-aJ^lS Sj — iL^cdJj(-_^J 

^ (j^U- j-loi j! ^ ^Jj-L^v. tiili ^ tfjLC.1 u»J t Lijjjt ^ 4 t r o lj 

(j? Ji ^j) Cj.^itt jjI j ^Ull ^1 4jJLA 4-JJ L_uij ^ („'t j^JI 
(jijj LuLLjjj ^1 SjjjJI JLjuj .(1815 fLJI <_p>. cUj-ftl^l lj^jkJI 

^ |*£jJt jjJLc .4«! m,L J f i u ,\ tf jJI ^^11 ^ rL^S ^ Jflf^>1 

3 S At lj Sjuj *,t) aijJL C.A.n"! Ijuk ^JJ O^tfl ^1 JUcVl 

r L*Jl ^ i-J^I U* .r, njjb cr^ ^ 1818 f LjJI (>J 

sjt ,,tija^ai j^Uflwa jsLj (jJ»*- ^^4»- *4_^ui 3 — ;ia**u L-^ujuj 1 820 

4-u*iJu I JU^i Su^UJI O^La^VI U>fljJ ^1 

^jJI 4_utJ4^JL J^jJ! >k l 824 f l* 1 ' -M-J- 1 

IjL^Lu^ 1825 f UJI ju- o^J * a -^*^L ? >U«j ^bljli 

JL^jJLl ^ JajlUJ JJJU^ Aust't * (jc O^LflJJ 'U-^ o-°J^' 
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1*» fcjU 



itiUJtl 2L5U^1 ^\ >JI oli j^LulJI J**j o* ->1 jf <-^^» ot J-^> 
ja^jjt-j;» 1871 ^.UJI «Mj.JjjLjJ! ^olj-^js 

43jjjlU (jh'.Mitl j ij^lll I j-t-o Ll*JI £-LA3. 1 1 1 »7.*t 3JL}Jl>. Jl>.!_J <UjJl>. 

^1U~, „,l j . juu 1^ .y.C» p) jj^\u^ iiMi l^t l^^A J&^l 

JL»-j3 t£*o>. t JjJjjJI SJUa! ^ — ^ l$J 2jjL*Il ^u»LuJt (^l^i- <JM^ (j — a 
JUuj . j-uoLuJI 0 JUfe o-al^i. 4juo1u Jj-uailJI <j>« jJuaJ LjuJ q\ (CjIj — ifcAJI 

.cil^iJI jluJ 2Uj>UI iMSJI ^»L*JI uil— frtft ^ UU j— ^ 

« - *-<\\ Scandium fjjjbttL tl j * 1875 ^L^JI < « ,V,<ll Gallium 

oTo^r^ 1 cf^j • 1886 f LJI cH* ' v<<tl f^H^'j 1879 r ut 

ijj-aju l|'^*; 4JjL»1a <LuL*j£ <j-»l oli CjM-jLc 4.1«,, mm <jf 

J* ^ ^ jj^l JU 4jjjJI oljiVl 1*1*1.» J* lJlII^S ^Ij 

^JjjJI JJjjlJI Ijuk JUJJ .^jLuuSJI |JLu*I 4juJo t>C Ujjj^ Ja^I cr^ 
Ijuk (jl (>jJl>J,I j— laj ^ 4 MiA jJlj 4jI jJLII (j^lj^ (j— « JJJJ J— 

jj« l^i^iti jistu 2L1iSj 2LLua oUL^ 3jj-u3 ^ 0 ^>>j o I j j — II 
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£^ ujA^I 6>-^yi jL-" UJLoj 3jJ^a 0 ^ A j 

JSVl JUi JJj ^1 J^^JIj 3^UU SLuLLJI 4^ ^ jl^Ij 

^LJI o>^| *Lj^ <o*pJI ^jJI jLJLl |ju* ^ a^UJt s^ilUJK 
OJ^ i *i>!>>JI K^LbaJI >-p*2j .4_ul j^JI ISL-^Uall 

u ti^tj a^uji „La*ii c^tj i Cf u»ji ^.u-ti j* SjIj-^ji 

fj*"^ ^l^»^ ^ O^J ^j^J UJSJ llu^ ^ Sjj^ ^ 

t-tlll (> 4it ui^ Lijfj (jT J^j .3*U£ oLuSLo *Luj 

tjL^l 4^>JI ^j^j 6 f 5^ ^| jL^jj ^ ^ 

U>iJI i^I uh,, , t rt.oufl ^ ?Juj «((jj miojj ^LJj 1849 f L*JI ^ <LLl* 

f** cPi cut ^1 V^L^Vl WaU! ol j^kiJI o! ^^JLj-jj^j 

U 4SlkJI ^JL^I J^l <>0 JitUI ^ SjMc Ijuk 



(1832 - 1796) ^ tjjL- cru-^t «j^lb <>- ^ ^U*^ 
s^sll c£Ut3» Ji-Jk 4*1* jijl^ r ^ . 1824 r L^I ^ 

t Reflexions sur la Puissance motive du feu «jl—ilJ 
^1 .Ju^l oU f) ^1 SjLpJI cb^ J» 5 ^ ^ 

Sjb* <>• J-^ 3 l>b* ^ <^ J-^ 1 ^ ^ J 

O^UU 5>b Sj>~ J! UU-^ oli oj jJ^is) J*T uM* 
^ USb ^L-«Ji SjU^ Ot Jl^S ^ lyb*JI K*-Uf^ ^ISJI 

cAjj-ilS (J ItfiT Ju, 0 l£&t ^ o* ^> <^b^ 

&* Jjt e**! Jj-^y ^ o^e J^b ob-^ 

JU^S/ 2L_^Lu 1834 f UJI ^ o-^ aju ^ ! c^i 

1 j^j .(1864 - 1799) jj-^^M^^^^ >A>K 

Or^L^I ^ Wt3 J^J bjLH" ^ ! ^ 

4^0^11 dJtj^ O^i)*^ Jdf— «- >t)^ ^ 

^UoJ! f li J*iJLi ^ tj-i-i Jjt cis J - iJ <^-" 

( * } ^ISU! <^151*U UL^» ijuo^i j^j Conservation of energy 
y ,(1878 - 18 14) j ^U e»*» ^ c^L^ ^ s* 

.1839 f LJ1 ijSlaej^I (1875-1786) ow-^^C*) 
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.4j^liejJI CjKj^m (JjijJj^ulJI q£. 4jLluIj.1 J-uaij 4^oj) m^a £jLu jJj-o^j 

^^jjLa jlt-^juj .dJIjGSj (jjL*^l Jj&Vl ^ j?) JLfl£.Vl ^jir-»a jlS JlSS 
LuU&l j ^ ...tl ^JLv| ^ LuL JxUl ^jJtlJl ^JLv JIJjV t 1840 f UJI 

JlSj 4j&£ Jljjtf fjJI <_3^Sjl£L Ol^^.ajSj—iUl Jl^JI j>* i^jlj ^1 
(Jj jjlsjJ,! ^jlsl^cf i rtJrtV* ( JLjI cuJI ftJ&j*^ (j^ - ) ' ^ M. 1 'k S'a Q "jt 

(JJjS ^IjjtL-ul jl t-fljj (j f (jjLill „t tit-p- (<Lulj!i <jiVI ^ial UI, jlluua 

i^ui*Jl (>L* tdi^Vl Jj^J^ ^jJI ^l«l">lt ^tlttl Jj|^l».Vt J'*""*,' 

Jl>.| jtla (jr^>. I .£rpjjJ1 ^ — 1} SjjjVl ^LijIj Jojlj j^e — ui^Vt ^ 

<U c-ujj .jjajIj— uJI Jjjo ^uLd (jjJ j!s ^jJI jL £y>.j}& i ^L>- ^jj» jL_3ej 

q£l 3jJjlil 3jIjj>J|j t( j-iL4 — di! Sjlj^-J i^yiuajJI ^J^M ^j'j^l ~ 

LSuJ V tj;\ ttljjUelut) V i^lSlUaJI ^? i<>j!jj>JI jfj - ..jt ..j! ^orrtll t3'> > ! 

.^jj»! 3jj-u3 jjo iUd^ JjLpj Lcjjj ij*JL£. (jjo 
<Gf JLu i^.Utl 4',$ a (jo/jLo < h n^ 1841 |*UJI ^ LuUl ^^Jj j-uLa jlilj 

VjLw jt) jU^Vl L^V 2Uxl*JI ^L*jf Jj? tfjuu Lj 1842 f L*J1 ^IjujI 
Sjl >*JI 6^ j> ' 1848 fUdl . jKiVl ^ (jU^Vl c^J 
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<4j ^JL£. Lauij IjUjufu Lli&l jgjL» j t u~i i t^Lj^l fUic 

4j«jua]| Cil «uuiJa^ JyJL^ (^ja 1 1850 j»UJi ^ jbtiiV! J J U- 4_jf 

1858 j*L*J1 jlLo (^SJj .j ,V ^tll u>SJ1 ciIjm „,o^ jjL- ^ JUa*JI 
j^U jbi^lj .(1893 - 1820) JIjlh o^j lh-j^j (1395 - 1821) 

dib$ * 1871 f UJI 2LSUI ^jjia^JI <>s (Jifi 2LJ1 Jlw JL. J^>.J «41*^» 



jlfT «.Llu ui\j) 4-3LLJI j»^4iL<5 IjLO. (O^jSJ «:L_jj>_^ ^JLc Jjf 

- 1818) J>>- (LAJL44 (j£ O^g». <— iJ jj jJI ijjulIII Ja — 

jjflVlt lii'rt" dlfcaj (JjJ d>^J ijJLuuiujuo l-JjJs Jj^jUL* ^yS -*>l>^ (1889 

J^LSlud 1 ^ nijr <_ iL-uf tilLcj Sj-uit JjL-u J>>- <j! I >Iajj 
^ cryMiJI j 4_^UJI Ja ^j.^ Ulu 1854 r Uit ^ jj^iJI ^i^^L 

,j^>. ^JU ^L*jSUI 2Lu<ljjJ >^Vi (j-M-oi-w 4Jbl <_»Vl J — U4j\ 1834 

4JJLJ JL, ^(jJjH ^ *Jl* t^t cr^J ^-JL?- 1 

(jf ^JC .(jlajll i - 'i * , « J 1837 ^UJI^ ^pJjJjJI lJiSjj ^ 
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M Jb»- 1836 f UJ1 . 1844 * UJI j* ^b ^jj ^ ^LSJI 

V^uuLLiU JL** J**JL> 4-JJL>. SjjSL ^ J*^ J<f, ,„1 
(>* ^jSt o>-^ cii^w ^ijuil ^ J*L jtf d^,3L_u^CJ|- 

<^*j Jbjt 1^41 ^LaJI ^ f Jtfj .4__flUaJlj JajJI ijuuL ^ tl^jtJl 
iujVtj ^utiJI ,„U JI 4ktl] 2 jl j^JIj *Lr>^J| (Vju iS^jJI 

k» 

jys. «ULuif fj&j .^_c£. ^ ^ Att ijaiajj j& 

oli Sjijj u«j jib *uu 4^ o* *>!>*• ufl j^ji 
Lejjy^bw 1847 f uji j& .Sji ^i g-Ujji ^ ,«^_oU^ 

•J^lVu^^ IIa^JI J^j^^^^cjUy^^j.^L^iJI ^UU 

^ ^JaU^ jjjj ^I^SJI S^p. ^oJ| ^Vl 

i-ljj ^ >U^J .^.IjJI ^Lull ^IlaC^ jLfiyy j>ijJL^ <jLSVl J^lj 



^ ^1 o* W» ^ "^Ji 1848 f Ul j^Aj .(oU^t- 
olij^ 4*>* JjuJl I ^ j d^v , Atomic hypothesis ^ jJI 

l^°60 3jt ^J) (jlilt J*!. <uk ^ai^JI Joi^Jlj 
cil%>» Di -j ^ UaS 6225.54 a^j-^u jUJI o U , 

Oli <2UtSU (^40^1 ^1 tr^ J^lj <_>-l— ^ cr^ tr^ *=~~^ ^^ aJI 

^Ij jUai (Jc d*\ .2Lu^ ( <J* 1556.39 ^j-JI «Jl» 
utf C&i>*^U*L 1849 r UJI ^ ^XUt W>JI r Ut »oa ^ 

^i^t <u^j . 1850 r i_*J! ^ >L*j a^JULi a-^Jt 
^^^j jj-"^ ^U*-^ 1 t::i2:li, ^oil j^Vl 

. jUjjJjj j^^j Jii^^ 1 

. 2uwL>ji aijj ,u j 4jL> tiiJaj a*^ & o* <> 
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^t^ai .(1892-1822) 

1832 

Ulu 1834 j»UJ| ^ Liilij (t^JUaS J^Jt ^ JiSj) JLut»JL 'm --j 
^laI^- 4^ ^ Jj^a»J| l^J^j dlj (jSLi (fljj - 3> m, UJI ^Uj jlS" 

jjjLUI |jub^b.jU Jt 1845^UJI l^ 5 > i e j i( 1841 ^LaJI^^jj,^ 

Jljjf <>a 3 1. «I.. i j — 4j! ^ >Ll^3 ( 2LuJxJI 4jVUX JjI _^>J! ^ JuJmJLi 

Cambridge Mathematical cjLu^L^U ^ju^uuS a ^ ti^tJI 

*->t — '-'j^ ) Lj ^ S >LiJ j»LJj Ja£, 2>*iI( j — *jj .Journal 

Jawi» jt uj^ 1 ^Luj»^ J^T <jT J^JJ '(>" Oruj 4lu 4iJf 4_3>L£. 

aSj 4 4JL»I ^jj o! ^JL 2bt^.ll 4^>jw ^j-^. J* £j— ' ***46 f LjtJ1 

(_>(,< ^LjjIs JlUj fJj .^cl «UI i^i^'ilj J* Z±A 4jl»L>JI «Tri-W»! 

4ojLuiaJI 4 > dititi Mludut <■ > tst'ta <jj fUjJkj.1849 

^jf^t^oi^b^^ 1 c^6^La^j) 1846 ^UJI^ j^MA 

t-JlLa^dU j Juu JaOJl j ipr; t , , ,,tl j ^ 1899^1^ juiLSj 

•CrJ* j " "'M* " L? CPjrP (3^1 VIP' tijJJJ 1907 
J^Li. ^ ^jj jlC Lal) LuLLaj^j ^ «U ^Jjtj ^Uac? Ja»» .4o*Lult <( jIjI^jV 
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^ c» W * 5JLH *->^^ 

J866 r UJl o-ji^ <^ 4> 4iT jOUL^J^j .libi- 

^ .J *L**i JJI j ^L-dl r aSlJ ^* ^ 

^ > o- 4*1» iislj * 1892 r LJI ^ o-^jV uijl <jju>W 
4iupV^t ^^y^-^^^ ^ ^ ***** ^ 

^LbjJ! ^LOJI jt J-JUI t>-L^' 6* cr^J • 

.«J Kelvin Scale u-" 1 ** cr*^i 'jb^ 1 c£jl>^ 

^UJI < inmll jAIa* ^ ^ ^(j^JI li^Ui oli o-d--^ J* 
ZUc£um\ i^L-t J^Su ^jK JU^I (>. ISMLulj ^ t^bJI OH^ <>« 
^jjj jILil ^UUt o—. & u' 1848 r UJI ^ 5>L, sp* iLi lj3 
^ o'j 'J***' J jLju bl^' ^ ^ ^ h ^ 

UJU* ^ Cr-^ 1 (° k ^ " 2?3) 

UUt ^ (1888 - 1822) ^^0^ f & o' ^P^ 1 
ouK jijiS JU^t o' D W» C* <^J) ^ ->^ ! ^ 3 
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• SbjIj^JI IS^aLLali i^L^S/l ^jUI 
<^lx*.| l^j^j" L« J^i t 4jjl j^*J! ISLwLyjdJ JjVl (j^—lUJI J>Sjj 

^ Ljjjlh^ 3 i"*.» » j — £— <-«Li]l u>3JI u* ^U*JI j^Iaj iijjls ^ 

£ita *U *UJ ^ g_Jj 4-^» £-^>j o-fl^; M * ^ > V jtSj l t ■>>! j 

.ii^— j2^1 ,Ulj S^^TgJUI J«U ,1X1 Jib J] gfi« ^ 
SLujSJlj 3 UI .titi 2u*aV| (jjSi j*>* LjLujj^t SLSjjiftj idJj^jt jSJj 

Lf \c JbUseD jjSLJLl jlo>>H Jax«J1 oh *f ^ l£A> UjIj jI Jp (Entropy 

L&il*. juilJ (dJLA LlL1L>. (^—i (jim ui\\ ^jL>- ^ ^^loj ^ 

.oLUaJI tilJj c*jl^ t U( ifl ,n II <£j]cx — uj Lj i£. J^UvJ ^1 cjLJUaJLi 

Cjjf^ylJI SjSLill ^jto o JLAj . jLiiil JjLS IjjjI ^mjJ jjMA-^£A\ ,ya L yi~Ju 
:4jT 1852 ^1*11 jjjSii* ctt jfc j t-uSLi (jf ^yJj (jjojijajjj 
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J± ^ jJt c£jJt U cA^ 1 U— 1 —' ^ 

jjjl^j .5U,Uti C^UI Jiuki *Lb l^jjb ojo^S ^ tPJ*J 

j! ^Iki^t USuitl Jk 2La*II &-sU! us — jZ'^k 

^j^l SpL& cAJUjJ! ^ ^ O^W ^l^ 1 ^ <=^ ^ 

^LLJI L*jjj3 Jj»oj « WoJ <>• *<l*+t J*&> W tibj "-^^J <— * 
cJlwj .5jlj—>. ^Jl ( gravitational energy ^ j—>1\ 4_aU* ^ *4_JSl^l 

^uJI j t«tUt cu^JI Cil. M, ., n^ oj^^^t ci^l 

.E = Mc2 5 JJd Ali 4jbU* U .ttUaJI 
kA* dJla^j *L>*iI1 e^l ^LtiJ* oh>J jj^'j W^J^ 1 

.^^ic j^LJI (j^iJ! <>a ^IjJI «-l ip iti Jljla OjuOuil 

a^t < ^_- <> ^o^i ^ t>^^ ^ 

Uju L*ju^» J*aj ** jlJI^ &A t o^(1883 - 1811) 
. 1839 r UJI ^ jl^JI J\ Ot 0,10*11 ^ 

j^LZb ^ ^ L» JUI (>• ^tj.^AJI jl^JI 4^j-^ ^joJ 
K^LbjJL Uaja ju^jjJ^^I -il^j 1857 ^UJI ^ 
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aijj 1845 

jl^JI ^Vl ^jju ^1 iix*JI £a jj 1845 ^t*J1 ^ jfj 
32tjj 'i -^"j . 1 j**, t s «j 1_ajLH£.Lj 1 *j ■ Vftj ^ j 

jJl^. L^j 4L^j| 4JLuj L_jjjfcj j 4jI ^AjJt ^A^, L^lL^ JUu |«Jj 1 1 ^*"« 

gravitational 3J^lii JjLujj SjIj^JI jJjj 5,;,< sj^UJI «Gjj^ ' ( * t{i >. ^ 

<_>b£! j. 0 .<o.»ti Sjl ^ JbListU means 

Sju* u 3jL^Jj 4iuaj t jSL<u La JL>o Lu I Jlu . 4_ulj JUu pjj 1883 JJJJJ (j a 

Jd»tj 3j^2ii,1 jjj <-upJJ 4_Id jj^ic^a ^^^ic jic 1891 ^IjlII jj — 3 u^aSl 

. 1892 ^UJI ^ cjj_jjj <<LtSltl 3-ulaj>J1 CiLcU (JJl>.} 

t jUJ^Jjj ^jiJ>Jj Jj>«iSU dJTj^S o^»f>> 
uLuJ^stf j^t^l jLatl 1 h < ih)*? «j 2u&j*$S ^Ujlailt 

Kinetic 3_jSLuiSlJI 3_^>JI SjjiaiJI ^3 juLa c.inj ■ ■ „t3 La 
cjIjjJ! 3^p. ^ LniKib oljliJ! ^JLu ^1 ^bj-kiJI ^j) cjIjLiU theory 
Statistical mechanics 3jSLu«.y! IS^LSJtl jlS^tj (I4J a^jSJLl oLii>>Jlj 

1844) ^l^jlJftj ^afljjjj ( (j ^_iI!lH J-uajUI j>*T tj^i ' " uH*^ JlH 

^Jld i J LH I ^,—3 CjLljjjjJI Cjli^ J "»J^'.' rr.^pl J—JU .(1906 - 
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oUb>>Ji c^Ji ( * )mean fr ee path >>J1 jLmX\ J^>u 

^uLUj^I ii^l jiJ ti^l t^V! cb— * ^ 3 >*" 
«t*** ^Jtf (o^ <> ^^-^ ^ JL ^ 1 1 859 ^ < a * 11 ^ 

j* 5^1 j* ok <j?*i*M uSJj .s^siil uj^-^b ^ ^ 

^ <Ju£ 4^ ^ ^jlj . JlSf U #LiVlj Ijl^ *L-a>U J^VI M 

jjl^j ,;uiSll UjS 1505 j °60 3jl^ JUjj ^ * W «^j^t 
jiU 3 \ ,^^\ 447.000/1 ^ cAV^JI ciliil jl— H J—- ^ 
- LoL^ 8.077.200.000 J£ luto J* f ^ ^ 

.-■ ly ,- r t l ^ ^JlA <> Ulu < Jual» (^iol <_^— " (JSL_« 

1* U ^ 3jl>* ^ - 3K>~llj ow ^ r* ^ ^ ] 

[ji* lJiJUj ^\^y^\ j oi jjji Uj ^>«ji a^j^ (^u^ 

jaj) l-Ajjuij JU Lkjj^u i U jubLi .lili j^j jUJI a^j>J J-Lw 
^ ^1 l_, jL*2 jUJI ^ ol^>Jb olj^l s^-^ ^ ^ U 
ai^ . JjWw c> ^ .(1868-1790) ^Ll^ ^ j! >^ 6? ^ ^ (*) 

c^fi^^J» ^ ^ o- *-T o^j ■ 1821 r uil a^l s ^ 

^L^j^UI >ia o*»- ^ij* Jj* 'c^ 1 ^ UUi ^-^^ 
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dj| jjv <<L>.jJ JjjJ f«J (jjflj CjI rjj i n^tl 4c.j__ui uutJ d<iii*J j lili jl — uilll JL>> 

jrjju Jj^ui^Lo 4 2LjjliJI 3jlSjJ,1 4jju»lI1 ^il Ll&jj il^JLj — ut>iJ3 l $ ln<^ 

SoaUJI ^ Bjjjit 4jjJl1JI ojl-A ^jlxJ cJlwj .4-j$>*Jl <-^psJJI 
Kinetic SL^JI o&U*JI jt) ^.j^BI J*U* jLiuil <Ju^i ^1 ^5L^.VI 

t ij t»,^-,* J$^ U jL£ J* cjl^tU (energies 
.Maxwell - Boltzman Distribution jUjSJjj ~ Lk^^ 8 

ticp. iStatistical mechanics ZLuLua^VI K /tKjll JL*^ ^ 
, n « ftnlpJI l^lyaU ^IMI oj— ^LoJI ^ U») SjUII 

> * « 

Sjlj^U j_i^>UJ1 4^jL-aJtt Ja^J (t>lfcH Otyl^ i-Ldli') f^Lth^ 4Jaj—utJ 

iM) Jjt * ^ J**j - (1903 - 1839) 

<j£Jj .^1*1! 4^.tA>. (jl — i li UL^ — cuj ^JlSj (LjLLaj^j 4 — uJu jjIcI 

^JUJI Jib L--ia bLCSI jKiVl ojn c^l j j j—o-bJI u>^ ( 

Jl» ,>» ^Uic t^ju! ^It j J_j * Anti-atomist Philosophers ^jj^JI 
0? c> (udj ■'■' 1< u>^< cP*) ^ ^ *(1932 - 1853) jJIj^I 



^ ^Lu ^jJ! *jL0%j jf &~Lj .^uL-mSJI j^UaU SjlaLUI ^l^iJI 

tfjjLi^J jAj (4jLL_uo* N J 1 ^ (_p3>«J liiJeJ 1898 j» UJI j uuj • l^J 

jluu ^ iJf l ii cjIjliJI ^Jai *L^j !i| 4iL» ^Lt J_4 
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ji^i l&aj <2jL_p.^ii ajuuai ajjUii ^ ^ ^jj) u-* 

« 1904 f l_*It «yi Sjbult oLV>JI ^ij^L-^j 

^j^JI jlj U£ iojosI cJU <ps World>s Fair ^UJ! ^^SsUt ^ cjIj^U-* 
11» jUi^l LU jU jl) V*^' <>^ O^J 3tl«V 

*j*Lu diJL>JI tjub JoS^^jIwCjjJ— Ldijiljj-^ujjl JiAfjA .oljaJI a\2j2^ 

fU t^Uj t^LujIjall 2tf>\>tj apl^ii CoD 

LLu*j UjjSJj'.^t >j j^wk .o^LjiliT 

>fcLi y) LLi UU o^oi; — ^* JI O^ 1 1 11 " t?* t* 2 -^ 0^ Li* 
j^SaJLI (>i ^y<>., fl J^j *(1905 r UJI <ps ui>^*% i--.iLJI 

g-UxL-uJll jj^ j^Jj JJj <uLia) jju SjSill all3 ^ 4_Jt 

( ^ r OAJbl AJjbfc* 31 j 1. 1 <>*^ diir jtt I JLA ^UJ .« JJLJW tfULa ^at>- C^li tliljj 

Jl2£. ^ JSJ (^jjlp^JI Ja j ^Jl c? 1 **! '4j.>Lc jjjl^uhJ 4^Uaj 4_!>U-> 

.Cercignani jJail (#) 

. 1979 ^>lJ1 . JL.V 
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*EidgenOssische Technische Hochschule (ETH) i ^-Ji cj f* «V'j > 
«1900 f UJI ^ L^y^iSiiJ tp—oLi^l <A>J^I ^ 

(*J J^j «^l^iJI <uUcl«I \ \ ^ qm ^jJI 

^< , „AjC jU^jjk ^jjj «UaLus j| jl) 3jL*i — u*\ tjjl W>*=" 
<j1 Li» ^ "Jj U£» <GL ujL_iJI o ^Jf Liu^j (1909 - 1864) 

c*>K AU J*. li^Lc M^L ttj t^fj . 1902 f UJI 

<jl£ Li^>. jlSLft J* L*j1 (jSJj £1 >iJI oliijf ^ (^-J) 4 mUH 

^■T ill Jjljjf I JbJUi ;(^ljJL>-VI C»UI Cilj Ul .. .I frj^» 4_ik. jrtAJJ 

^ Jj) — t* ^Vl ^ AapKaflj. 1905 j 1900 jru U* 

( ^ >u u ?JJ J| {fij ^J .^^jjl^Vl J*jl!I t-iljjt £j£ dljj^oJI 4j>.jJ 

<jSUj <L»k, JaL» ^LJftj 2Uj jl£ <j£Jj ^Ijj^jlJI oL_>. jtLw L_uw$J^&iD 

JjLjj IjjiJlSj (jf L^J^jiJ (^j^uj^uJI ^JljJUaJI J^*JLl ^^asJj^J *Luai2L<u 

MJ aJI y* liAj . J^! ajL> \*\ ^1 *bj3^JJI 

^<u (Lcj^^fl L$j3 JjLu 4j<)I n i «I 4jjl^^j^fj(2j;pjll>T4<l n. ^ jJI 
j| JUu-uiVI 4>t ^ 1905 ^UJI ^ cdJi Juu 4 4j fJLSli V! ajUJI ^> 

jjk Iju*j ^j^jj 4_ustUJL UUj U*^j>>» Oj^j — ^ ^ ish j^W- j ^ , ' r . t . < 

I j^jLfl jt ... jJI 3jS^ I jL£ ^jJ UI «il — *1*JI {J J^jJb j_}JL>Jlj 
idj-Ju-aJI tlil ^"f^H a'AJt ^Lte^t jjJl2^J 5)-&UJIj 4JA>JI JiuJI JLiJLaJI 

^j_lSIJ jjjj vi ^ . 1816 j*UJI ^ (j <ii£. i^jUJl JjuaiJl ^ j— ^1 

• i»Lcj jl L*il ^ iua2Jt ai.tj jl (i>>.j • J>^( <^jL» wdJjuij 
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Surface tension u tU „A\ *L_^ljj JM> ^ *UI otijj^ f U* t 

4JiL w ~U,..tl jJjaJI <jSUj$ «grWiMitl ^A*- 3 Sj-jj «(«J^JU» (jjjAlI 

ul jT - o^> U'^V JSL-uJI o&>* jV dU j tol^JI 

» jT J^t J\ v^N 2lW <<>^ 
tf^jSLaj ^ jJjj 4« Ajj . JjI cJI ^L^u ^ylc: ^jjJ 2jjuj3 4 — uo*>. (j^Sj Ij^Ij 

SjS ^juj iij^y^lli oli jjjoJI Ijuk 4^>o1jJ( s^ail o! ^41 

|4J^>> (j! 4jLI lm>. Jo^jj Cr atlajjJI jJpJI ol — uiLud I — uuu-utjj 

^ i_^Vt 3 J_jxC J <jj£j <jt JlJ V «d UI lllUj i« -h .B* U r . r La 

£y» jj^oL» ^ u-aJt 25 j »_iVT 5 jru U (JjLuj La yfcj t 4uus^xll <y» oi^-* 
jL>oJ 2Ujj . 4jjJu>JI oljjjtSUI Jll«! d^*AJ L» jjfcj * >UV" — I 

jf L» Lu Lu£J jjSL} 4-£Jj t jJjjjj 4£jju» JUu SLJbJI 4 i mtl ^ t3 ^lw 

.(>£ISLijJI udjSLi ijtlnaA LaU-i UU* 
ClLmLdJI jjA JUJuJI j fliC. £_uillll jj-SJI jjja ^IjJI < rnnitl J}L>. Ciilii^ 
Jj-all alni'i i» ^ jj . Ifrja JLxljJ ^!u» V 0' Lr^i (4_SjSjJI 
2 U j , > 2LuL5j^*^ OJLl*j1jJ jLfcjj i n »ill ^LtftjSUI j*JL*iuj| j-^ubJI 
^Lmj JSL_u< Oljjj^ j_u^ j! J^l . fjull tlo» ^ 5Jal i.nt < 4jLc 
^«jjtjw I^jLjj JjLJI (J I J il^lu ^1 ^ oLvLu-a V Oj^sJ iL^jl j-t>- 

(j^>- Lfili JjI — uJI <Lu£ 0^ (*J i>°J * U*'™} cr^i ^ °^i>^' fc— J»> 

a*>5 oSJi *LoD tj^La oLu>>JI ^JA* (4» oi^ 0^ s Ji>^c^J" ^j"' 1 

jLlJ,I iltiiij"» o-Lu! ^^k. CjLjLuo. (^j-^lj . L$lu ^t 4^.1 — ulA 4JUJI J-A 
^Lu.f .0^ U- ^SSt I jj< A> Ui ^s^l ( 1895-1821 Jojlh-A»! j^I (*) 

^Ij, 1861^1^3^1^10^ I^-^j^^Sjl^IjSj^^^VI I^A>iJ4^j 

^ U,— ii ifiUit *jISjsV «sJfjS^ r.iM ^li LiJut j*1 ^Jj < Vliti cjjU» 
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3, ;j ..^1I . jUJI ^ 4£jLiJl SLIaaH SLvLJLI ^ 4i>*i SISI ,«4 ^j>io 

^" ^ U £u ^aj*JI gllaj — uil j £-AJ . 3 t ii" V o JS1 — U13J (L^liAJ 
fjji cl^wl CjLL)^>JI j>J-U3 Ji-ojJO <ul — «l>JI 

l^Uj j j 10 35 X0.5 ^ * jj^U jit c^jIj 2Uj3 3 >UjUU <> ctf*tt1 

C-jll» S>. ^tl Jjjjjj Ciljl «j I 4 lJjJ ^ La^a j^J bjLC -SJLS.J .(I j^Lu» 22 

*JJL>jj tClJj^MijJ CajIoj ^.^oJI 4£jju La J-A Ijuk j . iU»«>it lj Sjl j->JI 

: U L Lu 4jjJLsJI CiLuLiill 

10 35 x2.686763 
Lu0«j^>. — 4 J T »JL>JLl L«jj^ tt^jIjLiJI ^j j fcj uij <cJL„,rnj c j lt uj^Jl 

4jjIj^»JI K ^hj ttt tiJ — lj£ — . f.[X\ <ys j£ — <-Jt lW 5 " 

LgJUtj jlsj . j>-ji^ ^ uliil (jj-SJI (j-** t^j^' < rt<^itl (J^L>- *i*u«sj — «J,! 

J^L>JLl oISj^o^ >*J W j- 8 ^' Jjf ^AajU 3^La 4^lj 

*La v 4jjU. JjittiJj .OsmOSis ^1 (littl ^f'nlntl j! ( «4j;j-«-wiV|» 
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Lcji VUu j^u.S^j^I ( q— u^>JI ^i^^t-^j^l^»-^! 
^ UJI JjuJU ^! J_^3 ^ Oj^l <> ^Ij-^JI J* ^ ^ Vt j 

^1 20i.L_uJI f j*iJI <> 3jl j_^JI i^l JL> <> «- .1 . . . t l 

S^Ial* • VU*1 j^SJI SjL^ ^J-> Jjl*U SJjb** ^ JjLJI *L^J1 
>H" .pijUl» 4jjL«j J>LlaJ <Li>AJUa 4JiU^ 4^.3] ^ <J f' <J>^ 

^UJI t^W- ^>"' LUc jJSjJJ . j^Wi j»^' ^W^ 1 

^UJl J* »U1 uwj j^UJI t^U lM AHijU J^ 1 <^ 

^U! ^ JjJUu CjjJlus (j-iJt) W*JI 4lIL_^j 

jl, V ,Ut ^LL^ ob 10 23 x2. 1 0 K >t c^lS c-^A ( 1 906 
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n* 

j-jjlvj (jjj <_<jU. niMitt (j-» *jj>. ^^1* Ui^ 

CjLa^us Slo.^'.a 1906 3 JljJLs. Sj^jl* ^ CjjJulo ^L-uijJI ^ 

OjIj I jLilLus (jiuLJJ ' — ^ ^'>>i '-JjL^ jUaa> ^ S J Kl> 

=10 23 x6.6 1911 f.UJI^-^I^ 10 23 x4.15 

CJ jJ^ j-^-S <±*5tJ j — a aSlU'id ^Jjllll I JLA Jlsu (^jJv.! <_jjl — >u o-^SJj - 

JJjJI ^aii ,«1 ^jJI JXA\ J**JI 1905 r UJI ^ jJl^ J*tftj 

Ijuk Uij;j JJjxjtpzxL>. Cil jculji Jijjvj iicllall — "VI j JL3 iJ^Jj i^JlIl 

JL»4 lAAjl^j -iSj-^ 4lal mill <>» jJ^ (jii 2-uLj^1& Sjj^uaj J — OJ-J1 

I fj+A LLm <-,«ft! i U <»l>- tjL—bul 

g^jA-pL^j oLi2j Lijl Jijf J^JI IjLA^j.^ljjJt ^Ij^oj^Ai 
^ju» ^ ^L^l S^K Jaju 2LL^t L^l 

£-a JjLLIj jl (jSUj 4ia-oj U jt dUj JL*j ^Ijj .jLaU JXa ^In Cr i$j La 

: JIS 31 <&*J aJM^-VI SjJLill ^ ^jtj 3^aU^I 

SLlj^»Jl 4j^^J| 2b^lailJ Ljj9j<i*rtJI 1 j-A <JT ^ ^ i r>"n <_aj^u 

.ilLuiil jLSu (jjjSi tjjvlfi, ^ yiU^ii Lo 

JjSJ a,. ...:tl ^L»*.Vl I j^j . j^jLtjit o<jIj <li^ -4-^ 6-° J^pJ o- Ujj (♦) 

t^v UiUa (W (>»j *ollj>9JI (*»*J L-bS Lj12Jj .4j;UJI jt il5UJl l^JlS-uif ^ Sjjufc* 3jU 
.Cil^tJl j»Lau>.V oUi^i < LijT Ijuk (jL* jL>J^j^ <^«jIj oLuLS 



103 



^ 5 ^1 ,(1858 - 1773) ojU ^JD tf^i*--^ 
„1* 0^ ^ M * !827 r UJ1 ^ vjS^j^^ 42_^jt j 

(>UolUI <>-* «U <-*-^ <> ^^eMy^Ovj-pJ' 

oiJLjjLi. t ^jl!l o^J^ 1 £— "LH 'j-^ t"^! ClH* 1 ' ^ J'j" 

(1926 - 1854) 

stf^JI a^l, J^t <jf * Aul c^s (1916 - 1852) ,£>lj 

Juj . Julj ia.fciX 4_> ^jJl t_*jUJl (>a IjLuu ^JLu i-^Jl Ja*J La ij-^T Uj- 3 

tfj^j £jJUa Luj^J crti (j—A ^ ^p^> 4jjLa^| Oi—lU 
Ju. t.., : ,,. h <!L*iJj jl^Vl ^uaj <b! urtlAiiT M) ^ ^1—-^' 

104 



j^juj <jL» UUj dUjJ ji ...tfl JUbJ t£JLi& <jj^ U tfUol <ys }L£ 4_pJl 

(oL»jjuII ^-t*j>. j| jCUl (^yic — uua ^^Ia {jyuLu ^.pilj) 4jIJlJ1 
.(^jVl Lbjal*j icLflJbl c^f») 4j|jj ^Urt'tdui^ UJbf IjLA^JLuajj 

jlTGj . Random Walk «^Lul^uuJI Sj-tudl» j^l *UU*JI Ja jjuj 

jLSi CjI j (Qrt"r m.mT 1$£Ll* ^1) JuOaj olpL-a^VI <jf JUu 

. 4ju1X1 j.i^>I tttt <JLxJ 4_a-u3j ^ Jl!U^ ij^j La 

SU^'i CiLftjuuoJl -^>J j^LloIJ JjLSJI Jjmllj CjLjjJj>JI 4^jj>. 4Cj ( m 
10 23 X6 -i jjjLcjM CuIj 2UjS ^JUvj .<Lujt>J1 J>U. j^a L^jjIju 

i 1905 j*L»JI «jt^of 0^ J - *^ Lr^ LuiJj-ub <Jj L ijr Luis3 JSLAj jjji-J) 

uall ^1^, JLvIj jjbj ^uai^Jl <j uaJL ' ( Juu La^ 4J (jla^ 1 1 mi jJlj 

Ljjj . 4j_^o 1 7 I^jjIjj». s-Lo ^ (3i*-«J cs^l <— *jL>. jjjs j"i,aj,IIU jj-a 

SjLvIjJt «uu^jJI a j'ajlUI ^ <— dJt JjO «;ijj>.l uj «jJ^ J^l». tijjJ — 5e_) 

4j ui ^ t-flU-us! 4jujIj JpLjfiJ ^Jjl J^lS. ^ — ul>JI (jJt^avb u^ j < n ) 

^jl*i1J(1942-1870) 

^jjjj .(jj^jJt jjJuuJI ^1 Vjjloj ^tijfl JjjjJI I JJt> jjla ^Ljil j T cj C tXI 
Lqj« {(jj^-uuJI JjVt JuuJt £yt tf^p^Vl CjI^J uJI J^U» *J>^>- 

(Avogadro Constant jjjl — t^af coli Luajf u <i < 1113) jfjjlijif jjulI 41jjl>JI 5-<mUI (») 

.10 23 x6.022 
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J^* 1926 «Ol ^ *juh J>U otf^l j cljUI 

. I JlA 4lq -< J Jjjj SJjL>. I j-u 
oljjJI J>j*.J <jU^ <j^ 4!beJ <>« Ojugj^ U h" ««M <j£j fJj 

j ,,,rtj libt> 1910 ^ LJ1 jjj^t t-^j . j^-al^T »=—j^ (>* 

at Jd SLSj^LJI ^jtjVl cu,., .Vijj .431 j »1 j^JI ^ jiiil 

Jlj^Vl frjxoJI <jt u-J* i..m "itl jjfc IjJkj * jAu»hl\ J? » j i nt i <j* 

j^l, jj) »U 1 1 <ya cjLaUSVI ^ LlJ) 0 , t « r„\ \ ^ j^UaJI 

2 ^ ^ (jiSLi Jl jlG 0* •uJLSjjj Sj_^Lx 

Cil^-s- Lyu \—^,] cj£Sj *»j^1J c" A"tt I jla 1869 ^ LJI ^ 
tfjJI jUiJI J-^uL r,- ,V.H Ijla oi M - *>^1 uM- ^b-* 31 jL^l 
^■,10^)1 j! (J* i.,i,<M j-a * Jj^Vl ui^ 6* wfcH^ <>* — -IHW 

„b«ll <ys ^Ul jUil o-^J ** W l»T t^! t> b-^j 

p --^ ^ jJI jJt> fljO *■ ijT (jSllj '.«.l^jj LU jJUJ frU — uJI (jl 4-u — «Jl ^ 
jjJilrjM ' /' — * #U-uJ1 U J f^r. i <■ a t-.iL.ajJl ^ f & jSf L 4JUJLI 

J\jj V ^1 >£l ^ * L*£.b MJj oS^JI 4> j».J^i ij^T ^jLmL 
d^ljj j^jj ,1910 fL_jJ1 ^ « jya^ ^1 4^L*j j^-us^J! 

,cjiii>>Jb cjijjJi 

^>»3 .^Ul JJ^ (jT ^*>^ i L^Lj__uj ^ 4-u,UJ! 4axuJJ! ajjJiUl 
jl^ <-iu£j frj- u U t_j^iu/t j-Zt£: j__<-ulll! ^ J^a3 <-<u£ 

j^f ^ Jjjl^ JLM ^1 a^uj! SmaI cUby ij\ ^ 
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CJ& j^c cyM\ co^\ W 

La j JuL («L_m1aJI «bLudl Jj — uuj djLlt£.lj 

j! *<jr\JLiJI qp ^Juo 'Cr^' 
t»j)<>tlt JLJJL>. ^£3 cbljUtluil *«iiJ j yseli 



«1905 r Uli 



<:Llu — uiLj * J^aJI £>SLcj <4jjljJI «JLA ^ ^ Jl2ljJ1 <jLc! <jJ$JJ J^—dJ jt 
<— i >£ljJ j — (j-aloJl 4jL^j Juua 4jj lio] ui! ^ jJI j-uuLk 

Lgj LdL-sjill LIjT i — uij ^ jlSLs *2jukl uJtl (>7 lc juZuu 3j-u^ c^ULu 

jSLuiXuij^d ^LLsjVI ^L^taJI ^JLc ^Ju (^^Jc (Ja>J La jjfe 1 jjfcj - k*' 

^cAu^L^I jLLu,T«.,^in J^joI^^jlII ,(1663 - 1618) ^jJUji: 

i-uj j-i t . ^ (jb c-t^j jLdj (j^j*. ^L» £Jt £)f (_2t ifuj^l j 

4 4 j <u— .iu* Jajitt-v jo£ J^Iul * jjuaJI (j! jJ Lo^a ' ^j^k jaj ^JLc CjJjj 
f L>3 }LjJj9 (ji -'fc jl «j-^uaJI (j? (i—iljjua ^j^-) — ujI j .<_J&H jj» 0 jLflj * *^ 

pUdii^Jt 4^L>- (Jj>- ftJjuaJI ^ Mt^'il «-dtj»- I j ^Lto ( _ r oL ^uu^JI jLb 

cdj A U LoJLlc LoLcj Sj^Uall «Jub Jjjo JUbl utj £j! {^uvy td^^o 4jjl&> 

(Jljlsf (j! c-ij — uijj <bl^ i^jduaJL j^aS/l J^LtLi La jLL^. (jSLtj . L^jusj^uu ^ jj 

Physico-mathesis» Cj\ j—^ ^ cjjju-» j^j *(jrui_«ij *GUj 

<>c. j^IjlJ jf j^iaJ ljy».j-4 ^«-Jj .«de Lumino, Coloribus, et iride 

^ i i" 3 nhVt l F^uall CtLhj^s (Jl^Itaf (j V i^J—S (jujfi J1a 1^1*1 a 3 JjUtl <-dfj »Ji {#) 
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jjJUvj^LUI JljTlJ 4^j>UI ^jJI Vj UoJ) ;> m nj ^ (ufr-fljLc 

j JlS i_3jju 

La i|cJVl j_uj 3j-t<i3w <jjs l^J L$ .SJlaLSJL) jJbl^laJI Ij-uuLj <jl (jSUj 

•CT*>t' CJ^i li-^Uj>^ <_ll^ Ji^ij J^so ^jjjj <jt 

^j^il) £j| ( r ) — 4 ^jJI er^J * 1727 ^1 — «Jl ^ tj-J ijjJ SLflj J JU 

U juij t^jJ!) Principle of least aetion J_ aVl j_^»J1 fju* s j£± 

^jjlSlJ < jmLlmS!\ ^jjjlj ^<>»j (^jJt i(1813 — 1736) jyjl^^V ' 
J^otj.^ .M*tl u>sil ^ Quantum World ^1 ^UJ^u^L; lJu-© j 
II Ju 

*^>_j-4-u^Jaj c^jLui oLu^»L^JLl jLi u<f « 1733 j*L*JI <Cj jl 

4^>, — u, (jl^J . (_yi*jJI j inj jjl JLo^ *Lol^ J^j w f Lfljuuaj *_dj-uaj 

j iltC (j^^tt Oj-SJI CjI j m**« t » J^fj^ 4j| l^ioj i Lo£.Luoa 

^ j^jJLll 4_^Lu| ^ -J^l t^Jj jJj ^— I utuJls*JI (jj jub ^ U! (j! j ;U 
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j I j£jJL jjJcjj -(^Ui (jA 4^4* <£>J — ^J^i — 

tCorpuscular model cr *-u-*>J! ^jj^lj 2L2i*iU p^ KAU ^w>- ^jkn 

«jjuaJI CjU.jj9{JfU IjjJ^J tjj^lj 'Ur?\9^ £->>«-^ Jj JjJj 

£»LJI ^L. in „, J* <J <JL_«j ^ J&j .O^uaJI al>^j 

jj^aJI i.rtirt'iU ^ 4 1 U S j J I 4 jlr 0rL*jj Jjjla (jJjio J (j— J V 

^| jJajL jl UijJjlSj^ J int i ^JuJa^ j^iul \ — umIa <j£j 

(jjr. ^USlJ J-<5l£. £-±JjJI (j>2Jt ^ (_JjL*jJI OLiZS <>ut>J jruv 

^1 jl\ j^Ju dL^I ^ Jj! o^J .«^i— i t^t ^ 

. 1773 f Ui! jhj USj^ ^ SjuiUJI J* JljjV 

j-fljJI <>« 4-ul!dl ^ SjjJL^yi t3 ti^>- *4j>^ aJ^ilaj j-^J 

J^i j_j>-J Cjj_iijJ i((^>*aA ^t) Ajp Sj — u,t J jl «w >^>3 

.Zajonc (j-LiiVI (#) 
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j^jjLULt (CjLitUI i «jld JUju Lo ^9tJ lf. j) 43Lt>. j^b JiLa 1 — «Uj-AI 

<:LuijSJ1j pLjJj-oJI t" i LiajT ^olikl . liajjij^M (jj-,.„.t!uJI jIjTj ^jJlUI 

<Lcju tfjof (j^a 3j ui£. 4ji — (jjLUI jjfcj jjIjj .L*Uj uojbv (j,]} j- u ^-Ilj 

^j-tij . j-t-ftiLa <--i-x.tLa *(1797 — 1722) ^ j « nA^jjj jtjLjoijj ^jtStfl 

<G_<-ujLj-a ^jJl dJjl uu (j I }L<t! <, <Utl (^ylc c_jjJl1II 

* 1796 ^UJI ^ d <_JaJI <U-j-i ^^JLi Jj-a>- <±«.,.,j>. it jjujj£. »j — 

k-.SjJI LilJj .(IjJ l£1] j JjjS ftjkttt <L*£. (^JJ J^3j) ^JLj^ i o j*C 0 — 3 

3jJj 'U ■ <U 3_JT j^ji^ (j t Jju 4-uvLlII doLu<jVl J i , ^> (j! ,Jj 



1 * " 



(jr^LJI J^U-J.cil ,V.<VI cdJjJ j^*Jl ^ ^.tttj^jUJl 

j^j JL>.j . 4jl&I J J *JJ S^-uCJ, I 4j1jJlaJ <_L) 1 jj ««dj^feUaJt» ^-JJJ 4 — ~ij 

<*J lJjj U£ (( j JlU u* «CLu j-J tiJjj uji utjiS^jj JjLiuJj (j I Sjl (iVb 

i^a .(1829 jjU 10 jt) sua» -caij 1811 f Uli 

4K tjub .|«l*iJ ^ u»l j <Jl-^ cr^- ^ °<3^ 43UL4 Lduj 4iuol^4 (jja 

(^*>~J 1801 |»U11 fjji Aj] J-AJ (4jLt> OjI uu 9 U j t n i «LjI u< (jjj (Jjcj 

j| i U*L>o ufljL-a3 L^jf jjlL t L ^AX\ J4*l\ ^ol^usbfc* j*jL_S 1803 

. jjjusl>JI 4-uJLc Ludj <jr l£. j>30 

j_ti. ^Lbtjl 4»?tji! L^jIj ««astigmatism» juloJI ^jjv ^Lk. <JL>J 1 -r\-*tr, 
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j "-^j (jt tiUju ^Uajjyulj) (IrJJtU 4 lili V 1 ,1 Cj M jS"<<m ^ 

J^l Jl<p ^jdt jL^Vi La lijit j U . 1819 ^ *U_^! 

^ UJI ^ <>Ji*j j .j — <5iC ,>«l!lJt o>2]! Cil ju* m" 4jL$j jj» ^jjij-lajS ^ 
jLlu c zj^3i_L.i , ij .ijlr" t w , t j^ u t***»a->j:,ti «G—^ljj^-a . 1800 
^jaS (>« JSU cn__M^LJL1 j>*lJI Cth J^Ujj OjLSj '«*j^b oja^JL 
t_xAij -j^L* *l» Jta (s^^' ^A**^ 1 crll «j— «jLaj 

» U ... ^JLi jG 2lSj^U I — «Lcj JjLaj L^j! £. — ^>jlj <» j> i^t l 



^ 6.5x10 ~ 7 >_aj j-*^Vl ^^tiJI 4*.^ JjJo t_jl_*^J o- 3 ^ 
>^ 4.4x10 ~ 7 e^-c-^uil a^.^ (aijju>Jt ^Ijl^I j^j) 

M 
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32 

(jjJinJlj 4-ucuioJl 4-a-uiia)! olja^aljba 

1807 t «a.,«msLai 



<Li<m-uJ tjJJoj s-j-tb ^ LU-qj ^?mjt 3 ml m» (jr ic JaJi uuj 4>.j^l>. JuLc 
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1807 r UJI ,1804 f LJI ^ 

4*^1^1 ^UL_«Jll UluIlA ^jlUI ^U^l 

^^^«Tlo j 5 oLc jj-J^ ^ 4jjJ ^jV dJJj tdj-u^ 

! j± (uu: ^Mit ^yi ^ Wjj) jj^' c> 
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(;r ^ U J jh ufc ^151^ ^112« C*^) Ijl-uuu jH\ S j^SIl Obi jJ^dI ^ LjJb 

^ol J**J L,Ux* L*jl^ 1809 fbJI <>bj ^jl^JI 2L_^tjjJ 1804 

4j|j^t iA^oJI j-uj UJaJj ijjjj ^ llui l^jju («J jJuj La Ly k. 

MSloi^ 4jL ^^A^y^lS ^ ^^JLI 4^0^ «Gt LLlS 

.jifi LaJLk: .4£:JJI l ^ZLi <b| j£? Lu 4^ &l < * A< 4j^Ll* <>a 

J ' '"i >a fL4 <jl£ ( 1815 f UJI 4jLs 3jJL SJ^j 3 Juu (jjoLLi 

4^Ul*.|<>c. Ij-uju IjUlil^pj^f jf^LLuaia^ J>l! <jf M <>J>*f ^ 

^LiJ^i^ic^yid^j ^ijj^ciJUAj.^^i^^i a_^isyi 

.SjIjj* J>Jfc/i JjLJI ^ C^t£ 2Lulj ijjj^i oLj-uaJI JlstiJ 
C^C- *>LalJ ^>Ll 4__ui|jJ ^ J( ...J ^ Ll^jI Jl»1cI j 

. 4 Cr Ll «.j-ii» 4-ua <Urt« («j t LSjjI» I JlvIj 1 5 m. ^ t^" -| 4JSL!j < Jft-L>JI 

j^ou Uiuj.ai^ J^t^.a^LiJi^Aj^jLi jak^ai j^jtj 



j-UJI t> Uj^ >^ij3 l3— ^ Lr*^ <>* ^ 

p*S 5 j^J» ^ ^ U£u) JSU11 Jj_- ^1 

^ ^jJI ^Jc .1817 f UJ1 ^ a^j^l a^^I ^> 
j^i r jlIj ot 4— j i/i &± oc c^i UiUi d_*?Ji li* 

^pfci £>>m* ULI L^b ^1 ^ c^c l--l>> 
j^JI o^^^ 1 ULu &3*^ J^ 1 c^J'U^ 

,(1840 - 1781) j— 1 ji ^ - o>*^ *W*L>N <*1U r* 
c^LjJI ^Uj <1862 - 1774) ^ e^«*bL ^ oU,uiJI 

^ cJ^I iJjL^ •cr*r^ 1 fc»**^ U3^i 

^UA ^ >i~J (o-Uy tj* L^ J Lh£"» L ^i' ^ 

oism !oa jL r uii cr^j ^ ^» ^ ,Ia ^ aJ ^ 
giji t*^L ^» l^^l^» e-^ r>"^ ^ ^ u '^ t - >jl 

j,! JLh? .2u^> 4iki« t)L--— ! L- ^ c^ 1 ^ ^ S ^ 
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La \ 4 't t i " a! A A j,„iC. ^£3^ o-^- I^^jJa <AaJa ulU 

m<L^> jj^jJiJI < rtl-^- I JLC 1,4 c_al a AJI j-lC jJill 
<_kli. j-flju» (j-* *|juJ .sljiaU S J — £J1 3 rtjit^M ^ JutpJj 

. ^j-oj-flJI JjJ>*J j»JL£. J! Bj^ljlil 5 J — AJI £y* 4jUI 

45UI ^ 100 V jL2^ >£l ^ a*j Sa_AJI Juij^j 

La J ' t ^jj^aJJiLaj ««LgiSLU £to5fc±-a]l j _ 3 JuLlLj ^.Loic. cLt-p>j . jrt^ftSL^Jll 
j^**** *I^*J < _ ;r ic < J4Jl]| 4-Laaill umjijj Ijjj — i) t^jjjjiJI Jutialll (JT 3 

(1853 - 1786) > tLjjJA) <JU J^j t a A^m» 

O 11 ^^! lj>J>fl3^t j! S- 4 ^ 1819 (jmjIa ♦ JIulj^ ^jj^UJ J— «ifc> 

:<L^ JIS ^^LJI 4_l4J_>1£| 

(j? 5jLp»jJt 4j&-lUJ1 aj^jJaj (Jj — "-°J>^) ( -^J^' I j'i'^ 
.c-iLuoJI LsUj 4la>-MJLI OJ^fj ajJh\-LA 4jjj>o 

fj<>>lt ^j^JJL «.L2jjVI 3te>-»ltl (ijjj Juju LaljJ ^ujusIj . i>.j-« 4 
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2L>.jJLl Sb^kjJi ^j^U A*** VLuitj^l 4^ iC%Jt cJu^i ^L: 

^ .1823 r L_JI 1^ 2u_^4jMiJI a^l^M 42J£ilj .^>^iJ 
UtjLu, ^ 1827 r UI J_— .j .1825 r Uii ^ a£UI WjJl 

fjj JuJt f I Jb f b! 4jualj j* 4jI^J J^J 4$Lu tPjJJ Sl^i Ai*"J 

j^L^t (J— t ..t j ^ 2L^U.J i Juo* ^ U^-lf^» J-*^ Cr^ A*** 1 

J;,„jy* j! j^jJb ^jjo^ .f^JI ^Ijid^V ^yJU^t J n U" 1 1 ^ ^o2j 

j£jX\ BjLSfcL* 2UnU ^51 JJ J< A ^ 4^^iuM 3*U£ Cili 4^0£. Ai O - Vi ,J 

AjIjl^J 3jLu l^U^i, ...t Ujj^ki Mud? cia^ '£^0 u— 4 

t( U*JI ^ sbf e .imjt f^JI Ijuj .(Fresnel lens Ji—»> 

. Spectroscopy eJuUI <ck t^JLl jlJ>J1 cr-*^ 1 

\ l 1 4^uiJl 4x4^^1 ^ 4jLc ^ U\t abl lJlJoJI ^k. J-^Ujj 

4il LtfjS t JUfc 4x4^ .j — utC j-^lUt t 11 " t 4 ^1 ^ **** ^ ^ J 

(^Jj . Sjll^I ^_XJ LLJI jt Jsjju <y> 3U5 o-^ ^ 1800 f UJI J-^> 
o? 4^ ^ f ^ 0^ 4:L_^ ^-JlJoJI ^ 

4JUJI ^ j—Aj tj » j}Ut jjjJI 4j^bJ 4_*2}U! L»j]>£kJI t^Uv. ,„ l 
4lUij Ui« gjliJI ^>^l j— ^ j;j*t 4^u ^! jj-.iai 4^U^ 

JjW.t 4joljjeTt mi! 

- 1766) o^-^JJ f LJj • W^*J ^U^' (^^ ^ 
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(-kjJaJI o-ujJJ ijj — Zila j^£l L y U ^ i — £J\ IjjLtfj jj a i| ,(1828 

j^t ^ L^jL, .lulill ajjJl» <>* UU <jKoj2— Vjj ^ J-^^L» 
Jjljt (>» 4j£ ^ M^ia ^jjj^LJIj fjj-ij^l <Sjj«zJx. < ?! ,V.<t ^jJI ^aj 

l« U " 'l |*JlSj <tK Ijuk <L&jj (( jjl]|jd 2bjjJI 5__jjJciiJ| Ijj^j £ a 

«^ 6^ c^l ^l— «^/1 Ijuk ^3jj « u ,„ AH ^ ^1 ^^uaJI ■ ^ : U ^ 

(1826 - 1781) jj^pj^ c^k lJu)^ <^UV1 a^LiWI *L»>*tfl ^Lc 

JC^)^^j^ jJTj .1814 f Ldl ^n" ,„n 4 uflt A-rtVb r Uj 

■uJI < rtjt-itl ^ SjJtUaJI (JajiaiJI 
1821 fUll^i Luajt^—fl^ijjj ^SojIj. up^Vj^ Jajiai u * s J$ 

jj^JI Sj>« suai JLiSlI ^ lJljL 3 J>U , ^ ^1 ^LiiiV 

t j t A j U£ * I^Ua ^ J^ISUL juIju (j^JIj) Diffraction grating 

cb 1 -^ *Munich Philosophical Instrument Company 

d^Li^l t;;r i : a a JI JoLtUl JL« ^ 4jUI ATsl Jjt Oru (>» 

J3I0 (j T 1 TiS lj Iju U (jLc-J uuj i^jrJJilal ... J^^-^T ^^^ 
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1*11 fcjH 



^jli. ^jj .^-coAiJIj^Vt ciukll ^> om 576 <^>*^ - 
. l^u iLSi ju-i jj-^ili ^^L- <> f ^" " , 1 1 SL 1 ^ ^ ^ U 

4it Juu i— jU^tt j^li — t— — (j_o.ll J^J> L)K bli 

.^i J^ 1 J 1 ^ 1 ^ ^ ^ 

-1811) o*iP^i>± ^ ^ i^-uyi 

fc^U^ U- >Uc ^1 ,(1887 - 1724) _^.t_jcj(1899 
J_ 4ijL^ ^Vl <Jj t*--» 6pN *^Lu^J ^ i' - ' "^ 

^ .-u^b ^^JU c W_Jtl u^J Vt * J*_l ^!~* ^J>~ Sbt^b 
jLliV il^-- <LiLlaJ1 J^^U^^'O^W^ 
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Ujl>j LujLs laSLaj .^jjjj-uaJb ^joill jrdoiJl Jla ,3»^.Utl 

2ui*Jtl olj jUI jt ^ (J _^ ^LUI ^1 ^ J UJI c^K Uia *L^*i ^ 

L$jt£ 3jlLLlu JojU-v- L^iiL JlJjjj jj^ftr,i inti 

JojJoi. L$ix jjjjj (5jjL (jSJj Sj^vj^a 1 3 utrtj 3jUI LaJUCj *Ujj^ ^.ulS 

<J — utLu I jjfc.) JUUJ .(jhit — uiaJI JuC ^ <n" L^jK ! JljJlso L$j|i 

< juu — luLj (jSLol tS ifcV a juloLc ^^Ic J-**JJ ^ l_^U1 CiljLliJ Jjs 3 jjbLi» 

J trt\c JSL) 4j ^iiil 3 j — x*X1j 4_coL>Ji (,, fljUlt lUUj! lJ ^£. J i" 4_pSLo 
^ Sj^dit ^jjjj^aJi Jo^lai. 1859 j»L*J1 uAjJujJ^ JJo-j .4<^jtJLl juusLUJI 
p-y <lt <Jl>?^' «-fiMill ^ j»jJjj-i-aJl Jy>J (jyifi. ^LJj j-lLu Lv» t^jfig ui\\ 
t ( j , u i.».« r Jl t njtnt l ^J^>»l Jojja»- JjJl>u (jSLof La ^jLcj—uij . LJ jjLyJJ 
djljj JIjJU JjJj .^j — M jjt-oLi. ^jyic I — uLJuuih t^jjfcjJi L^LLl fjb 

luuJe ^Li^V dULIl *ULJ *Lul^i La ^.k)! J^l 3^ ^ SUVjd) 

J!Uj julla J1jJl>. JM — i» <j| ^ jJL Jj>j . 'y. UI ijr -jA\ _j| j XI 

* ( 1868 j»LJI Jll<| Mltl t_3j_U/U>. *Lut ^ liUjj l^jJLojJI JLA jJM^JU* 

dJLUJI ^^(1907- 1824) 

ju: .u u ,„ 0,1,11 , ?,jUti j? (1920 - 1836) jL^y Lp : ' r -y 

^ ' n \ 4 jl<* ' LJ (jfrjj— -Ultl L^J^JLjO ^-Ut lj AJ^J i>.tl l j^iVi L^jf 

<£\ dl\j&j ^1 ciiJj ^aj . 1895 r UJI ^jVl ^ fJt tUJ| j^Ll 

L^j-Il J**il I *ctAj- s c5>**^ (JjLJI jutLJU ^NjUa JjAw JLwlV 

. ^jxiaJ| jjuuaji jjbj (jii< i miH ^Ja^u 4jwjJj i'inut - LiwLuu j-i -M t (Jjj»JI j_S>LiJ1 
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1*11 fcjH 
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jLliV il^-- <LiLlaJ1 J^^U^^'O^W^ 
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Ujl>j LujLs laSLaj .^jjjj-uaJb ^joill jrdoiJl Jla ,3»^.Utl 

2ui*Jtl olj jUI jt ^ (J _^ ^LUI ^1 ^ J UJI c^K Uia *L^*i ^ 

L$jt£ 3jlLLlu JojU-v- L^iiL JlJjjj jj^ftr,i inti 

JojJoi. L$ix jjjjj (5jjL (jSJj Sj^vj^a 1 3 utrtj 3jUI LaJUCj *Ujj^ ^.ulS 

<J — utLu I jjfc.) JUUJ .(jhit — uiaJI JuC ^ <n" L^jK ! JljJlso L$j|i 

< juu — luLj (jSLol tS ifcV a juloLc ^^Ic J-**JJ ^ l_^U1 CiljLliJ Jjs 3 jjbLi» 

J trt\c JSL) 4j ^iiil 3 j — x*X1j 4_coL>Ji (,, fljUlt lUUj! lJ ^£. J i" 4_pSLo 
^ Sj^dit ^jjjj^aJi Jo^lai. 1859 j»L*J1 uAjJujJ^ JJo-j .4<^jtJLl juusLUJI 
p-y <lt <Jl>?^' «-fiMill ^ j»jJjj-i-aJl Jy>J (jyifi. ^LJj j-lLu Lv» t^jfig ui\\ 
t ( j , u i.».« r Jl t njtnt l ^J^>»l Jojja»- JjJl>u (jSLof La ^jLcj—uij . LJ jjLyJJ 
djljj JIjJU JjJj .^j — M jjt-oLi. ^jyic I — uLJuuih t^jjfcjJi L^LLl fjb 

luuJe ^Li^V dULIl *ULJ *Lul^i La ^.k)! J^l 3^ ^ SUVjd) 

J!Uj julla J1jJl>. JM — i» <j| ^ jJL Jj>j . 'y. UI ijr -jA\ _j| j XI 

* ( 1868 j»LJI Jll<| Mltl t_3j_U/U>. *Lut ^ liUjj l^jJLojJI JLA jJM^JU* 

dJLUJI ^^(1907- 1824) 

ju: .u u ,„ 0,1,11 , ?,jUti j? (1920 - 1836) jL^y Lp : ' r -y 

^ ' n \ 4 jl<* ' LJ (jfrjj— -Ultl L^J^JLjO ^-Ut lj AJ^J i>.tl l j^iVi L^jf 

<£\ dl\j&j ^1 ciiJj ^aj . 1895 r UJI ^jVl ^ fJt tUJ| j^Ll 

L^j-Il J**il I *ctAj- s c5>**^ (JjLJI jutLJU ^NjUa JjAw JLwlV 

. ^jxiaJ| jjuuaji jjbj (jii< i miH ^Ja^u 4jwjJj i'inut - LiwLuu j-i -M t (Jjj»JI j_S>LiJ1 
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.V. *UUJ Sj-iL» (JTj-u, J^> V -LWJ^ ^ 

^1 ^ oL^-i-J! <> 1^-^ 1** ^ '(^ VUU 

^ Lr J L *l\ JU^> <^ ^ 

i^U ^ ^\yji\ «JU^l ^ >^ c^ 1 >** Ji 
r iii» ^sl-Ij . 1791 r ui ^ J** ^ ( 1787 f ul ^ 

ijaSL^ ^ v& Jl u ^ * 1791 ^ 

^ |j>U jLp^Vl cJ^f Uj, 41*^ J>^l ^ cH^ ^ 1 ^ 1 ^ ^ 

tJ ix\ jU^l & \*j*3 J^» ^ >^ '( 181 ° r^ 1 ^) ^ 

oLjjiai jjUo» U J£ j! ^uLoJt Jl* cLip j> 3^ VU <jj£U? V 
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<>*IMI ^Jl cjLipMi ^ M-u^l ciUij aiSU» ^Li*jul_4JI 4^ LU 
.^jjuti j l^yi Presbyterians SjVnUI AijLUil ^ j a;* J;— - c jJi^ 

JjLA* J J j-uU ^ \ jioJelj j! (j ^£L ^^LkJlj ^jL>JI ^UjJ fUkJl£.l u* 

>*Uj]| c*Laj j-^bl jUl ^ 4i5UaJI (oJLu ^k. 3jMc ^ jVl JLc 3l_pJI 

jIjLa SLp> I jut J£ 

dililai J_^Jj_*j 'V^l l> J*»iJ t 5 ^ jjfcj t^jjj 

t^illl o-uJI ^ -Luu jjlLj i j^Lu £jLi JjLL» jj^juM-j £ji i ^ ^lu 

t-flj^j V <>*jj • J^»JU C3 JUlf ^ i tut JZol La £)Lc^__uij I JuL>o <LL<» 

o*- U.Lk:i LjjJ ^ r, o j L» <4La La ^ <V> n" H jt — ^" Lu I 

< C JUU.« (j-uiA.J 4j0 ^j) jjjj Jjm ^ S jLujJI ^ js*. LbjL-ui 3j_l^1 ^LLo 
ju-aMlJI <>» 4j}Ij Si — x>. jJal^ ^ <Uiil JjLt — uu La jjkj '(J-*^ V ' ^ 

LfcP-t? 'lA* — oLcla ^jt Lijuu*j& ^liJI Ulu t Us pb« 

j^laj *4J 4^.LJ,I <_uSJI (^ulj^t 3#,| Cr l£. ^3 Jfsf <^jJl ^LIjL-fl 
^jjjij^jU 3!iJlj]| «UuJaJI {jj* 4 V i ,1*1 <jy ^ ^jjIsjJII (JtJLo 3*.(jJa fr Ljp^SJU 

^bl jli ^ «^jS d>U\ r LJt ^aj . 1810 r UI 

L^4-u<1 (>a («^pf c?^j) ^"t*^! <> jukj iAJjjuII 4jrt,c.JLHl 4-Lt-^j>JL Jj-^ 

(>« I jl^Ij JJj JLhI Uj al^lj « 1838 ^L_*JI ^p». ^tjljlj *i i U. 

.4Lo. ^Uk. (*Jacf 
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J>U. Ijuj ^LLa Aj^ju^I cjM^I j^jjoI — ^LLo ^bl jU ^jj*Ij 
cru ^jjJIj oUM*JI g-^> j uh , ..-slj oUKU ^*..^ti cy?^b ^ 
v 3^,^,;- £j\ jZ'jui Jyuy.i «1 (jJLl 3j}lc- t «4jjjJ.| 3Juui>Li)) 4j>Laj 

^ ^ a.h j Sj^IjJI >Li j£j i 1812 r L*i1 Jj-JL*jj . a^jL^UI 

2L»jj? 4jjJ O jj *3jrl iirtll 3 JuaUt 3 j^lZ el^jj tiLij ^i^. £-u-3?J tj-WI 
jjlj j! jlkil I J^J i-GoJ ^ — <i ufl jiJj*^ -Sj>.J flJu — J\ j} «U 

*}U*ji o^f o^j * ^^u^. j 4_5ia ju^i ^ ^1 jii ijuk ij_^> 

■ -t ^ ,\ U <L»f Lu! CjI^jJIIj y>** f (^jJI (j-ojtj Ju — uJt 

cjtoL*JLI ojU. j . ^JLaJL o — « >aj i^Lut^yLi. L^j^-J cAt UU 

^bljli aUiaL o I ju^UJLl tfjub co^^j . 1812 f UI! j—^j ^ (jJUa 

lju|J ^1)1 (^j_JI L_>V| ^iub > *J mt t ^yic- UJ^' U^J^-J '^^^ f'— ^ 

Ijuj 1 1812 j^J^f 7 ^ 3 jf l nrtt t 
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( ^UI ^t***Jl o-ujj t>*j) <UL ^ jJaiej &a ^| JjLuij 

(>« (j^i t^JLnJI JL*ja <U-u» ciuUoaJI ^gifi. JjjAJtU Jj; --^ 

^jju (jt 4jt — «i (j^^jJI (k-nll ^Lfllj^jul J\ 4ju±u juujjSLJj .SoSLa 

(j^s ^>iILJ Ljj9j Jl>-j £yc CjLajJjLa LujJ 0__uujj .(l_>V1 ^yiulj 
J-Aa i Ju>J La J — 4_j? jjbljjj ^Jl-jJL>J1 «LoL^a ^JiJjj ^ 

.4Ji£, *iiJjLxVt <Gjj_ud (^jJI #j — <jJb (jjiJ ^ijjVaJ JU uJI <jt_j Juij L» 

^^AiJ (J-i-aj? (jr^* L>T ^ (jjj 2>-1$jlJI ^l-itjU Lq, 1 ic j 

i4_uLjJ! tla^sJl O*. I >. i JjJjw jj^af SjjL 4_<u £j£S p t 

^ J*Jtll Juli — u*x i(jjL ^LJj J^JL» UljJ M^f 1813 Jjlj^ ^j— S i| 

^yic t^j^uiVi ^ 4jJL>. JjLU 4.flJ oyt Jj^j . (jLA JSLj jLfl Luu 

* 1813 ^y/jLf» ^ JjVl ^ SLfljla^JI ^1^4 (jjJjJJ .(<_uSJI Jul>Q <tiaX 

.yJfijU^I (*) 
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I*» fejU 



^ «£>.Jl3j '^J L$'->tjU U'* tA* J*"^ Cr^ ^ 

^ o^r^ V^JJ •cy* A * J1 oJml— ui* jj^J 'WjUi^ C^i 

r \^< l^jjj ij^at SJLC £**J .3 jfllf 4-jjaL . <*? . <"., ,! JXu»j «Lit 

Lunil U* J-u*£- J^i 31».^ <+&A ^jL_ i* <jf 

(o5 o-oj .a^jLLJt >i» ^1 i+UUL Selili 4_Ja*J ^ 
5j>U iCiL^I^JI *jub JS^ fLOJIj IkLuwj LJli« ^bljtis 

aiull ciJ>L j! JSL_^jj liL^t ^ 4jf ^ i^bljli <jM 4 3 A li 

0* 1813 j-^tft 13 fjul ^ J-f» *t 

ck^j^ l>Lc^20 ( >« juuT >L- oT-U J« Ij^^^IjIjU 

^IjIjU 0^ j*^ 6^ -S^j— * Jt ^ W» o-- " |V ^ 
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<j£]j «LuIetJI «uJjj <>• j j 41«, jutj 4JI rt" , „VI ci* U. j ,<Ol^j 

Jg«U (^ja laci (Sj^Vl ^yl^. L_a j — MjLtloj ^ (jyz SjjjJI oitj 

«j; «ya UI A 30 «UjIj SjL) ^ wSuLjuJLI oLIUUI JL« <yaj 
L£ ^io oM 'e^ 1 ^-"^ ol >** 

Lio* L ajLlir, b "j ^ ^lij (j I ji I j La «LilSLo jI j)— j ^^SJ *Lu»j-aJI <?3-4> f ja 
5^335 ttfS^I J«tf 1821 r Ldl j-^ijj U^j.ib^Jlj j-JfcU 

tfjub £-LjI jt jJL_tJj) jLiaJul — uJ\ <UjLU Ljajl . -IjLjJ Sjl — ui 

Ol ^ uj (j-u^i- Juu - 4i5UaJI £jL>- (>• ^I_a>i1 (jrti ^ * — «aSLIaJI 

\jlA jLwj^JI (jilcj tdjl — ui (jjflni jj^- t Jj — ZulA titi-! CjlJjX. jLa C*J*aJj 

.(VUU (Jj) 1862 f Ldt Jbkw* 31 L) 1 — " « d**» 
(1851 - 1777) jui^jjf ^Lu^jJU ab « a.vftl 1820 fL*JI<>j 

-^-J c?'*. 1 i «Sjlo llj i tjuk ^Su ^Jj . jrCuul^ jjCbjlj j-usj (^—fl 

' La j-Aj LdJLJI J^>. (jjIjji 31 mlid jl) BjjIj ^ J*«j 4j — uiJoLuL» 

j^LDJi iiUj^j) Sj^Ua l-jJl^ ^^4^1 j UJI j 3j<jih «..VI <Lu>fl^l Uj 
» Ujf 3 ^1 jL_ti Vl ^jub jl A-M £4 j . (a/nl" .„VI *L ^1 4JU 

^ O^J • ^ J J " i rt" J^>>lJI I^Lkj A^fcUl jj$ i L_4JjT 
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jlj . 1821 J^t ^ .^Ui, ^ Ly^ ^ ^ ^ ,„, 

Annals) U^UJI oLJ^ <^1L , 1821 r LJl ^ ^ 

^L_^ L^b U,^ 6 f ^ jUsi ^ (of Philosophy 

UdJL uiu-* 0 f ^ ^ ^ ^ h 

r>^ e^' sok^l ^ j! vj 1UU ,U^J 45li t J^AJl^ 
bLo ^1 6 f J^J) ,LSf ^ ^f, . JU U1 ^ t ^ 

UuWi ^ .c^is ^Ui, j^. j^b ^ ^^j, ^j 1>k ^ ^ 



.uij* s^b ^ ^ ^Luui ^ls ^ a*sia 2l^ij ^ 

^ .1821 r UJI ^ ^ ^ ^u^Ai L,j^ ^ ^j^Vjj 
o^Vjj 6 K U* W£ s^a ^ ^jd ^ ^ ^| oT 
^ (J^t <l_3L»j1« ^ of 0 * - L^f ^ 

tfbljU V U^| ^ . 1824 r UJI <^U, W L ^ 0 | ^ 



.Cl.14 j^yuisLuU J^p. jjju <^LU, <ulo£ ^ ^bl jLa UJ^U {y> <>ajj 
.Sjl^I oL^Ij LjiLl^j LuU? <> (^jo SLjSl^SJt ol^LUJ! o Lu 
|jl>. Jaiill ^ jJlc ^LJI oLijj—AiL J>U ^btjLa ^ <J 

.- ^ ^ ^tbjll 2L>JLla j^Mj (jrt^JI J 4^1 ^oi. I jUf 

<^ c^j^jdf c-^II . ^V,<lj.(1823 j^l Ji*-^ ^ 

(1825 c UI) l>J j-LJl 

^ J***l) tjJJu» L^jf ^-»Tj .SLpJl oIjj)^ ^ 4^uj 4_l*aI iTib L^l 

i 1826 fUJI S^L 5^3» jlU v* ^Ujl* ot «-^^J 

j! tdjLjLfl Cib j-ut ^I^js (jja Ijl*. S^-u^l- i — ujj U.'T^ cr^' 

Crowthen British Scientists of the Nineteenth Century. 
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J^f ^ OihH^ 1 c-L-^ o' cA* >*' -Ut O* l — ui j 

^ Jui, (oy^J ^ c^l V~^b Lbtj o' J*-— ^) 'L* 1 *^ 
.«(UJI oLlo! 2LulH» 2UjL^ ^1 Jaj o^ f 1> 

4_u^ ^ Sj>L^ SJUJ^ 4*La t^bljl—fl ^ 1833 f L_*J1 J&3 

as jujj ^ x\ a * .«ju mij *w>«£Ji 



^ ^bljUa o*e «o-±>*£ll J^-^e iS±-H JIS—N 

^ jUUl 0* 'M t-till U^' ^LxL>-^ 

1824 ,i« b^ " ' J o' cr> ch-^L^' 

Lu^> I j J^t oj^J O' 0j-> O* O^i ' b "'A ? ^L^Sl 

jA, ^tJl Oj^l »=» 2U ^ il M* tibijli jLl o^ <Jl 

SL^LLjLa Uu** 5^1 L£l& U ty 4il jiljT tj^b* ' " " ' "* b 

0 uLx asu* s >Aiia» Ja^j o' Jw— -la?' ^j^3 (<J* r " r,t < J 1 ^ 

Ja^j (1 862 - 1776) jJjb U* ok>^i Ob^ 
. jjj^JI o- u>->l ^^*J LoJl^I U^SJj .(1864 - 1784) 
, *1 ~r<\ jLnj& o^b^l o-£c ^ 3 U^o\T JjIa ojo^JI o' ur>i ^ 

Uiij a«j J&l 4:1 ^u^' <> ^nb **-<^^ b^l j^b T 

ciJ^*!; J^^LI o->i3l O' U^t cr^ Sj^^ 1 J— ^ O^* 0*^.9 

^jfl ^ ... : ^l;:t l ^bJI ^ Iju> ^ j>jJl> d ,-r" . , , j j LU I Iju^o' 1 -^ 

j '".r j^bJl 0>^' CiUIuMj 
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.1846 ."The illustraterd London News" 11*.* <>> ^>JI 



Lt^lj U. 4 183 1 f UJI SK A» ^UjUa 4Js ^Jl* ^ jJ1 c^^JI 
3jU, 4JJ j I — «iijj) c-jy <_i^iL» < 'U c,j>^ jLu 

V-' U * J*"* J 1 ^ * T ~ '"(^^"jJJ'*^ JJ^ I JUt ^jjj tcJi-JLa ^,*«>U 
JU£. ^jJL>. ' 4lJi_JJLI ^yfl^la JL>f JLx£. 4 <* < t iU*> <J ^ » ujInU,*, * 

LjuJu>- I „'J (j^ i^jusjjl LaJLuC tllJLseJ <-flj r » ^-utllll I JLA Jjfc 

ij>>-t I j^J tdlUntl ^ fjj iu\ Lr ij^l\ jLlIl J*J*J (j? *Ul — i ,j-<i Itnitfl a 
A ^ t ■ " A ■ - f*** JUJL>J1 1 4 't a i >p 15 ^stu lAj t-^ 4-jJU Jl>. 4 nl'v t^C- Ajjj^j 

(«JiUt jLuJI ^jtj^ja/ J U- JLiJl>JI ! U «t <j"ilj 2LjjLLajj jrj_ijL>JI Jl>4 J-uojj 
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^bljU HAajJ Lj . 1831 U nU,,.rt 29 4, ,„UVl ij^ill o^tj 
.^UftJb JjVl UUIJ^jj jj-ic^l >L.^UUJI (jld^J,^.^. 

» iuUlliLo ^Jjti jJjlj kJLuIj <jr±j-& jLp jbj — w» JL>- 4jI (jrUJJ 
jLuJI LuLut^^^UjM^tl dJWJI J^^J.^^jL^^jJlaj V 

j Lu ^j-uu <^£L1 tJ»l£ I jla (jli olL* *_iU '^jl*- ct^I jl J»-^ cr^l o j^LuL» 

dlLJl ^y» iSj^-^ LrtH^ jLu «SVmij UJI* 4jT < rt<Vi^lj . tiULJf ^ ijrtH^ 1 
Lu>j| 4jLfu ,j-<i l^jAla Lnu-tLU«* <jLa <il) j£ <_jjJLJL) LmhULuL* IjjjLj 
L«L«J <iljL*-a Sjjjuo «JUkj ,4j jjLaJLl Jao»JLl ^ LfJ^$£ t j_utj < ± » ,r»H — uJ <jt 
Vmtl <^c £xt>J1 jjfcC bU, LJ j^<Ju L^jf ^ ^L*IaA jfi.!jT4j^>u j mrt" 

U^JI ob oLumULiUIj udJLJI 0UL4 4^>. ^jV,, i£jJI ^UjjJt jf 
Ji^lj ,1831 ^L^tJI j^*^ 24 ^jj 4_^U1 a , j^-stlj^^ 4j ( ±>. -y 

<4«4« 4_i£.LLu3 ol Sj.jUl \$Ac.\ Ji-JU ^pJlj — jjJj-^SUI »1 joj^tt) 

i^lu ^ LJ iiyL» ojL ^Jt oL-stlk^m <>• bjtfi. 0^' ^L-l^Ij 
LiitaajJ*- Aj ol£ ^ Ml .(1878 - 1797) (i^i* t^S^Vl (*) 

. 1831 ^UJI ^ Ljt^t 4ix^" 6^ ^ JE 51 ^ ^ **>iU- 
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.Electrode ^LS jt j j^&JI j «Electrolyte ^L** Jjl** jf «cJ ^pSJI » 
j! t Anode 2U>ll^lt <>■ v*.^! v Uatl) j^lj 

c*\ j oljj a^>*~* jt 3 j j) j *Cathode p — ah ^JL^ v U'. ) 

^ ^ijJi uiu^ 4i^> jSjVi ^Vi ,a«uUN ^ ^^1*31 ^1 

*a^j JLuj Uu£ 0 jlSL_3t ^jJSUj 4 — uiij ^ Jj>U 4>a>Jj 4jI pc.jl\ 

Lines of) 3^i3l ^^Jo^^^Um j^VlJjff.tV; .„Ij.a^ll jt>-«Vl 
ur^ t^L« U^atdJju j^Lj * 1831 fl*JI ^ 4J <j? -»JLt (Force 

crukiJI <>a U jijjlu» juJut ^jUJI J| SjlUJU i9j_L>Jl * jla 3 >JSjs (jt 

^^Jaitj 4^Mt ij^ „.4 ^ jUitu» <..« 
Q MjU i; ;u a l j^oMjUl-.itl ij^Ui-cdj^ Iji^jo^H jJji» VjS>£]l 

f$ U^l^a j^JtHJ u ,mUI^U iilkUI 3j_iJI Jfl^ki. ,r,u,^: L5 ^jUI 
j — ^ Uai jjp ^jJI £>jjL>b J!u UUj) L^»t £u <G La I Sti , „I 
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>6ji " 'f j? <^SUj Jti\ 3 ) spjJl! 4l*JI jU Sjuju jljjl* 
i^all jlZti 3J>U* ^1 J^fj ... ULBjV oSj ^1 j-b^j 

l^Uajl Jl» jjfcl^laJ! d jla ^ j jUm Vibratory Theoiy 
tilj^l ^ubJI (jt-^J cH^ai ^^Lo^^j jj) *L^i]| ^ UJLiliV bSj 

Cpl J-*^ jjJI (jSJj . sjjlaJI £a CjJU <j|j) 

Ijuk jl>Jj t jlS^Vl ojla > _j > iaU 2uj>Ut S^Lj^Ji cjIjUII 

e^J iub^l jJiUJt 4_^jl JjUv, ,J Jk «u£jt ^LjJI oljUlI 

J>4*>JI U^>C- <jJ^ J-*t Ul^ «j* t «Tim U l^lj . r„ *jlSdsf Jl^J 

£>-a ( _,rt<* <jf JUkj „I a' i C I 4jI jJujj j -~ ..l".tt 
431^.1« <>, ^ La 4^jjJ LlJ^b 4^L*j <L*\j t jl_jV| 4_. 

rtgm *u*uv>A\ oLiii ^jl^i j^b ji^^j^^ 4_^j,jjii 

*• M Mi 

t"^' U>^' oLlj^Aci ^i-ijl ^ I^cjJlSj 
^'jJ' ^jjiajJll ^Aj tCiljjJI Z iJ ii U fjj±>y* <GjJl>. Jj> "j t j^ajJI ^ 
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^edij^ Vjl» £j-^l U1)Lj i( £^< edii j^j 4-Jc Jlo^j ^^31 <j_^ 
.2^211 JL^ 4i»jL>J( I r,; K JiU j! - Atl Ui* <JJb3 ^1 ^>_2J1 

jjjitj ^ j» . .. ■» ^ l .IU 5 jCj «4_Latj 4£)Jaj 4j^>u» ^ 4jt j^jJL 

O*. Ujuuj ^1 4-r^.^tl 4^LUI jJa Jls»^i SL^fl 

jj- -t '"^ <jt «<_3jju» t-flj—uj Lfcj^Io O^J^' Op 9 ^UZxl . (jisj^l 

iJLfcll j La cdJ j£ .<u o^jJI ^ UI JUs-JJ *-.u. > i 1 <-s>«/j Sjj^-j^ 

^jjLj JZLo ^ (C, V i I JLA 3 Jua (jr^itlJ Jaj— - ^ i^Wj^ ^ O— ^ 
^yj LA j I miViIj 4j(MjUUUI ^jS Ja^laifc. J!La) » 1 i r» M l jaA jjisjVl ^iL>" 

tJJlly ^jjU UI <^t ^LLSJI UJ>U ^ ckjl>u ^1 2Uai>Ii 212^1 
^.l». r «H ^^jCjIjjlII cy> *^U1 fJL»JI l^cr 1 *^ -^L^l 

(CiLu^LjJI OJJ (>) ^Ll^ i»* ^ 6-^' t> * 1844 f UI ^ti 
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(j^ail JojLmu ^LiJI ^j^j-» ^1 1846 f UJI ^ jLl (jrbljUs <j-SJj 

<uUai- ^j^L (jl J>*1' <>* t£ J M £jJL*lU (jl ufl^Luaj jj * U J a» 

jiajual ijajjlj c yw fw * 1846 Jj>j! <>o j — <il*JI f jj U QX\ J&U 

1 jjj £1 Su, ^ 5jU,„n ... oUi 
^ jJI (1875 — 1802) (jjjjjiLj jJjl — elu lk*"^ !>^>* u^j^y 

(ji^JU j| 4 iij! > <nt aJlJj 

eJaj ^ (^bljUa ju»£. 1 jl—^Jj t^-bXI cj^oJI J^J^*" mu^J ^jjJI 

<_*Aij *l£>^' Jojtn-^ >A ^ Juj-tl <jioj— c Oj^lo\->*X\ 

Jj^-j ^ 4-wJLflJI S ^ <irlt ^1 4jvUJI ^yiJl Ju9 (-dJju (j>^ <jj ( 4__u^SJI 

.oLjbjJI oujJj j^A^' (j-^j L^j} .^ojtL 

jIjCLol (^yl^. j_i — uijj j^^l L-<jL>JI ^jJI <_-uL>- qjs 4-cu3>jX, 5j_uLl<3 

j^fj iOjjL&tl CjLx^>c J!Lo c-jJ ,„>■ - ^fij CjL>jjQ " ^ i^jJill -UjU^ 
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— 4_&UI 4\j,t4?-l^ l — UL ^J (JJ^jJ 3^C J (jia^jj i(j^jLa t_i — U < b u4j 

1861 ^Uil 

, 1865 ^l*JI <p>. l JM\ <GiMju j .(-lsIjII <_u^l» <> 
* 1862 ^ 20 ^ 5, , ,, «L ^UJI ^Vl <bU*i. ^_af 

j^.T C<-U (JjLoj_ijJl £jl i (jja 3jl i_oj ^jfc 4a3 J-5Jlj| ^ jJl ^LtJI jjfcj 

I jlAjJjSj . 1867 ( j J ulo_uiiil 25 cdLiA «uill 4^1 . 

O* t^->b u j 1 ^' l>— ^W* Ui* ^"uil ^1 4^^! 4 j n,jU;;.U 

• 4_tjj^£ ^i'rjW ** A OjJtMa iV L 43 1 «S »j >J*>tl j^jiiij «^jJiJl (^jlai. 



»>wJt ^LJa 

c«l>^ o-* u^Ah» J — SlJ j!) p — U. j ^L^>l i^iO^ u^j-f LyjJ J— ^J 2 
-1819) 

Jjt 42jLuab ^ii» .(1 896 
4x. j lJ JjSjj 0 ^n^ ju(j ^La Jjt 4j| jl iDoppler effect for light 

2LuUj 4j^ jL^ jtjCLol ^ pl; m,I olj 3jl 4Ltc JMS. <> (4jtl5JI 

^jJcjj jjjL*Iuj^> Jj 4_«^j (jJjj-i-u Jj 4^ ^jjJ La JCUj <— J^pja jJL^ 

Sb^taliJI »JUt JLuuj • 4JJ uill 4JLstJ»JI ^ cO-^"^ 3 j — £ ^JJtjJ 3 j^ts ( j__<s 

<ujjJtji JLk j^-tS ^Ualuilj . 3 "r±y trt\\ icj — uJb 4-Lfc*Jl jj Jj (Urt*4 
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iijl #jdUxJI <ibjju u/1 jJI ^j^Jt 3 Jua qmjuOJi (j\ SJjfcifcJl ^jljj J 4x.j cuJ 

»< ±uJ.> JI jj JlHjJI (jjo 4jU1 5 Jl>- 4l£.j^ti j-» Jl2j ^j^aj t«LL>.jJI 
*UI t-lajl <Cj-<jjiJ JaLL) fj»>*tl ^| 1850 j*L*jM Lusj! ^jusjIj 

4_o*^J,l £>jLqJJi J^jjJ} 4j uiitL I uijUj I^jjU IjLA JiUJJ «frl^JI «iic 

r jj-ttJLll (jIaJ /^3 (^jJI >p»Vf jLujJLL <j I Jua f.jjuali 

(>« jlh^ J*c ^ jJI *(1868 - 1819) ^jjJ ^uij <jt Lp^j 

. ((JJJ — i-ollj^ L^AjLOJ 3j5j3 (^lc> J»**<t"j) J) .f IjT 1,^4 J, 4 t/$T\ ^JU3J (J I (3; 1 

f»j ' <J£ <j? JUu j (j^O J JL9 (jl^ jL_4^E_l 4j| JLt (jLu utlj 

J,- Aij.1850 r UJt 

4x«5k ^ju9jj Lubj . A-uIj Sj^a SjijJ Sl^c Ju^j ^«j 4_ulj JUj_J ^Lluo ciijji 

Vjt ^jlssI—ojI jj 4jujI <^jJI 1850 ^L*JI ^ jS^ia 

. ^jju&II 4i^_ui jjj/L*l . jtl^il 4Ii£.j_ui (j-A ^Ljis LL^jI 4\c^ i <m «UI 

(j l ^yjj J^tflJJ 4jj tSjgWi 1 JL»> Ij^U^ J^ZJUZ J 1862 ^LtJI (_y^J 

<\t, V>JI ^Sltt (j^a 4jU1 ^ JL>.t j JjJL». ^tLi /^S 298.005 4£j uA\ 

4jCj ujA t^jJI ^LUI 1 jufc tjl c>hHJ .{yLi/f& 299.792.5 ^Aj) 

<jl b-djjuj , j-iiic (jjaliJI ^jj-flJI jCLo JrCLacjj J^Li- ^bj—tuVt 

^jjUjJIj LJjJfl SLulIj^JI (jisjVl J — o (jl Jl3 1500 jJtj) ^iljJja uK h <\ a 
Cr^l Cp^' (jr^ (I Jil3j^i (>a cyi^l Crli^' lA>^ ^IjjJLc. <ya 



138 



^ *^j>K £J-^ -H— t^^ii A g* >UJI .-. ich^ 

<> *3l»jt i J^U i£l£tf 0 ^ ^Uj . l^U e^JS^J ^BU 

L«>lja- ^Jdll) L^J>&J!j oljL^j d^t 

^ *(>^ c—UI ^1 ^jVl j^l J^U ^| ^ s /Sj 

j^ji jx\ j^ji jijfj cjy^ j* j^j ujua r aij 

hS\&\1 ^ al* <J - 1831 ^ M 13 ^ J^U ciJj^.j^ jj/ 

.sjvy t aic <uL jluj oU^j jIjjVi Uju^s ^ ^ 

Atf Wi cJj .1*1 JiL ot c*-J U>*c o>U 
>UL Jk i^-™^ L..1SJ juu J .« 

ittlaill ^ «bl^f ^Ulj ^1 jLk^l jua^Jt c^JI ^ , |ju>.j 

o-*^ Otf Ualc oLLiJI Sjl^u ^ ot ^j^j .UU^ 

Jai c tZ!il O^J^ ijJUM* JUu ^ ^ ^| UZu tj-tf ^ 

m J\ 4^UJI ot^oJL^j . 1837 r LJI ^| - ^>Lc j^al 
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Ulu <LUli]l ^ ^yAj ^Uaj-uJI o^j^ Jj>^U j»! cuijj 

jticl *4auj ^ u^Jj .^Ulj^JI 43 Lp* ^.jtt ..« f 
^ 11t .^.'j . „j t^JLu *<Ljjjt)lj uJI jlSjiVt (J^aj 4—jjJ 

l'J^J jjjijJ «LlSLJj l ^T" JJLIJ JL3 JJtj j^ifc ft^LtO^lj ^ — «u}Lo ^^i*. 

Sju^I ^b^-JI !LSLiUl ^SJj .i^jIL. ,|jG3Vlj «SLiVl 
4T<.^jfw".»1 (Ljuus 4jj^^ .alSL» V) »_>Li <j-»U. j>jj>j ^ o.fi «" 

Ijufc^l j-Jujj .j*S/l ^j^»^ S^Ult J>L>w 3j uiVl 

Ijl* j-a—lj i (jr t**}\ o-btP 1 b— a«A>L*JLI j m.-»j (jt Jj^ 
.2UljjJI 2 ^ J>U ulJLla ^Lcj U*^-=» Ual*5 

JUit JJJj t^&tpL* j* U£ L- «j» ««JujJI 4ipLa j — ^ 

« jubeli» 2Lu£ Jjjjjj^Uj (-".ninlj <4jjLuallj jL» — «UI iJdP* O 6 - U - « - < - u - > > 
JLuaaj (j-^J iO^JJ^HLll 4$jLjjJ oj^m Sjl — <y& 4^ lApllot^l 

«ajnnUlitoj^ j-aI ^ UUjjj 3j_ii£. Ja >aj 

(LuaidL) UUf> <>ujJj) (j:jL*^fj Ji-i h ^aj'jJI c^ 3 >*J 

J^udf j i5s-"o l «Ul ^jja (OCjJt (jJ^. J . <Ldl>. jSLil ^yk: tltvp. 4tU<^ LaJLxj — utA 
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f UJI <>j * 4^0*11 4_5UJ 3j^L juj U* - ^4 ^ 3L£UI a .., r ti 
<>wJI ^ d jufcj) j^jJI 3 ^ — iuc 1Lu<jLuJI ^ Jjj . ,i<U Umj * 1847 

O-P viu^ <**\* L^l J 5 ^ *ft».*'fy<o.l 2u*Lfcj JUoJMJ 4jjIaJI 

^jlj^^^Uj.^Ij t^^^JI J^l^4j& J( ^i^<i£ti Sol 

1^*13 <jK ck>-^^ . 1854 (*L^JI j& jtju^ ^ g^jjj 

« 1856 j» UJI ^ c£JUa ^ « <!? ii i> 3» J M^*j ^u-si jLii Ij^u 

t^jJlj <<^1JI jLu^VI *£>JaS (j — c Jj^sJ I jJjlaZ JlcJ l— «j » JL > T - 

Lu» «^u3» <j| O— SUj S^jjlmjs 4j m*L*1 UI jJT <jl < s. < «ui <>j 

tjljjVl £>Uj < 4 < il"iVa (j| j — II ^ j JjJU ^1 jj 4^l2ifcA ^1 m^I £a 

o\ji*i aSjj ^lillj *(J>UI obi- 1 ^ o***^ I 

<4£t — ^1 fkjJb ^jJI ^LJ! 4 i mijULLLoj^JI ^ «Jij^jtJLl j_A 

Jj><^Ltt j^4>- ojI£> aiJj . juu U-Ja 4jL-u!jjJ ^pL^Vt J1«j 3 

(4JIUI ot>L_oJI J>U Uj^k ^2Jlj) ^jill jl ,ntyt JL^»^ 
9j jU»! Jj^Jo £. cdJij t <ijLa j^jua Jac 4^jjJoJ ^1 utVl 

.(jjJJLI JJ^JI oIjLoj ^Uaj 
1858 f UJI <ya 4il ULUi «20^ S >LiJ I JLp.j Jjj fJ<G£Jj .<>^J>jI 

U*-b ^Jj .Oljluj j ^j i <i 1 d >jSj cJlij { 4oKJI J uutJ L A\h\ jIjJJ L^jU (jJplSj 
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c^jl^I 1 1860 f UI ^^j^^li^. L«M c^t \d—u&\ *M >JI 

i^LatJ SjljJL»J| S J -^jlt 3 ui^JJll tl^jKj .(^J^jI 4jlaU. JL*j 

.0^1 cdji* 4J jb ^ aii (jUlS-VI ^ub I jjl & <J 

4j^Jaj <LuiljJ ^jjj^jl (_^3 Jj^u»£La <>j^>o I (_)-*£. ^j^lj (jLC J-ioJj 
Sjj^-tiaJLi 4^]J^ c_jLlL>Jl oJUb (jl « ** 1 j*iT lio» i ( Jj»-j c_*£j£Lll >"il rtl">- ^tjjt"» 

eilJi ^ 4JL*jJLt 4_«j>UI CjUj ,,,7.11 ^ j-u&it 4_j^Lpi 4^JUil <jf 

JU^t ^ «it^l O^j^j *(3jL—JI J^ill ^ UU ^1 

cJ uijl La air, 4jf j^jJL jjjl>j .cdiju «uUiaI jlM ^jJI j^^jjjM^ 

<jl jJVl 4jj^j Jjj^U 4 jin" LLUj <ya CajVnnl «QJ^ .*tH (j^iJI >^l j! 
oi—uijfj — Jjj . XI ^ Lgj Luj ^Jl i3j_ti_uaJI jL«2)Vl £yt jjj-aj Ljjuj^Jil 

L»-t3 ^jj ui L*i?) jS.T ^jjj I JUfcj tjJjIjJI CjLv^jO (Jj^is jjduaj) t LJj 

. Jjjjji^Lo 4j Luj (juu 



^JlZlU 4^L1a 4jLdjyoJI J 9c_lI I «ji^ ' " i _ r Ji u 4_iSJj i^j Jl>JL> 4jLuaj 4jjj 

^_fJ jJuS cillaJI j 4-ULulaJI 2 A. „lAtl M" , ,.f JjLuJ <-i.l,l^,,i 

4jjJaHI |u!a*JI tllLiA J^lj .(JjLflJL ' -'^'t t ^^1^ J.i^VJ (jjLJ 
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tljasti <lJ <jV1 <^>*i) cjI^UI aJU. erysipelas Sj^JI 

4^\j^\j (Streptococcal 4jj^]| oljjSUL ^jjul a ? fo 

J^ti Sjl^pJI ^ L"i»<i> 1 c— Uli ^LlL*»j1 

elA .^1*^1 ifcill 3 e^JI *LU#I oruj ^ ^ 

Ji>^L* Ji^jj *^U| IIa ^ LeUulj .^jlS^t ^ 43acL* «J5Lu,j 
^ l^i J55I5 6 Vl Li jju3 5^ J* ^> ^ 

J^SUj JSL^^jjjj^IoUjjJI caUUi ^f-: ; 3. -..^ WnUj c\jjg}\ 

: 1864 fUJI <^ t-^j «bjL*, U lJuaJ ^1 4^L,J| oVjUI <>• 
(*) I 

Ijj *6in^' a^l (quantum Theory ^| ^1 
J^J ajjU^ l^^S^j^UI 4,^2^1 cLUVlj clj^sll uf^^t 
CiUU j V) ^ L LL,I^ oIjj^ jjb^ oQU^ ^ U 

,jl ^ ,1^1 4lL«f l^j . 1864 r LJI ^ Ji^U ^oJl j^JI d^JI (*) 
T)» Scientific Papers of J.Clerk Maxwell «J^U aSj^ ^ ji^Vl, ^ 

.[t>-l>j^l] 



u t (jSLJL* <>» Di** ^ JLH ^ V 5, 

^ikL-j V ^ . UU! ^pjjl JIS U£l« oU^^JL^^KdiL^ 

4jUV1j *Big bang « ( *J2*J1 jL^VU <u*^> U d^j^j iSoi* cJ£ 
0 J ilSUJI 5 ^Lill t- J—* lii Jjt e*? Ml Jil Jll Cjt crA (J J-ic 
(pjlaJt jU^VI) St Jijttj Sjl^ 4JU <>» jj-i^ ^jrfll *.L*L_£i U£ 
jLfc^VI di>l»J <>jt (jr^P* ^ ( ^ 4"*»J ^ ^ 

(4 i fc ^ ^KjG J3*jj 'O^yV 1 6* «J 1 ^ -c*^ 1 

^jl^jGJt y—" Ijuk CijubU ^1 ij o^b 3 o 1jL ±* Lr* OJ— "^-fc^JL* 1 
^^^t ^JL-JI ^ C^3 cAO^I ^ c> ^ ^ 

ajSS l^i ^juS ^1 oLJUjJI ^ ^ *J*i L- >aj , jUic>U dJli ^JL_i4$ (*) 

.(jLk^jj JJj ui-i <>• J-* 1 ^ «J^i ti 3 " 
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^«Ol^^W^^^j-**-* 1862j 1861 o^LJ! <J>U. 

cibi •«-flijiaJI OJJt J*U ^ CiLvjJLl j Lili I 4_uLj£ jrU ^ *<j*o >JU 

4^-j. i „i ( J^1) (J t 4jLui ^yi .U, „j tl 

^1 cjUKJI c^i lL^ lJ>L^£VI 4o*aI jtfjj ^ 1 1862 f L_*II 

«k 

«LilSLaL. <jt J^Jcr^ 42>jJaaJ ^b^J! u^UJi Jj^U 

43acl — l^j . Lus ^jliH ,tnj .. .yi j CjUI jjJ! £>c 4jJ>£*3 (jiittfl 
*U}I 4-u-u> > . iULiui ^ylc 3jLftl*j ft 0 U.ri^JI jjj-ajtJI CjLuIjJGI^ {jA 4-*it**s 

0\j± c**: 4i*j Jj^U 1 1 864 r UJ1 . *UU_mJI ajljj 
f j' Cy* ^>*^ a m<j . „ M^H 4 j mhULUIj ^Li^SJI ^ 4jp 

0?<£ W >AJ *Sj- JjV jIjU 4_Jj jUf j| Jx_^ 

JLu liJLa ^ust I jl_£aj >4j ,,mUU;Uj «L^SJI 
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SLu-uijLLuLsj 2Lu>^ 0*\y*i Ijuk .U j\>Jj t 4j , ,ijU Lx*j^£Jt 

^UU-^-lo^ U > ^ i 2u__<UUjlj^J1 LiUi^ U») 43|j 

^ «tit j^jJb jjjl^j .Radio Waves 4^1 U. A)? t oL^tl ^1 

l^t g^jlj .cUjll ^ ^c^i (1894 - 1857) j^ij^ 

u^u ^tayij a**Jt <>• u«j u jj^j ^hj^^ uL-^b ciVjLai 

^ £lyV LiJ^I (^k. UO£.L_UU Ci ljjl Jjj— ^Ui^J L-^-^ 

.4 ... nl jj frtU - JjJ^Lfl (#) 
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. iioaj U 3j>^> ^>ua ^ Lj^.L_«lj Construct ^ ^li* ^ 
jt) *>uJI jL^uil J>ua iJ UL__«, j^f 0jS ^ gji^ji ^ JL, ^ ^ ^ 

«(antenna system ^I^a j! Jj^ ,M1 „, ^ ^Vl *UJVt 

^jJoUUIj 4jj^J1 ^U , „t t oU^t t a\l j]\ J ,2 

WjLUai opa a^Ij ioj>^JI CiU^XI otlU^I lili - 

a^^il jLuu. jIjO*! ^ 4JL^ ^| jlIa ,5L^| D j 

J^ 1 Cr£>^ ^>X^ ^ ^ u <..jULuLo Jb^j 

.^LuiVI jj^- ^ isi, 4SLL ^ Sjl^Lu» .(JLcLtil oU^o jt) ^ 
oli a^^l Ji_iJ hJX & 3 • 1873 r L)| ^jlJ^ 
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LaJLLc , 1871 r U» Ji fcj»H 43jaT-1 u^J 'di** D^J **** 

<L*I&| jAj . ( *\Afo4K ^ ^Vl jAj) ^ 

^1 ^ jJI J**Jt! 4_u^» alpj J*>-u£U> . 1874 r U11 

^ ^yj . 1879 r Ul ^ 4* <Jt .ybJ» 4_»*l*]l 

3L*j La;! (JJ>jl tfjJI <,> >W \dA . «t f Ut I^A <>> <>• UJ1 

r L!l IIa JMi-j .(UU 48) UjI r Vl j-^ «(o^j-^O «*1 
.ctuAijT Ci>J! «u^l U K . Jj>*^* oVjUi au&fl jSLuJt <>* 

^* ok** ^ • tPl ^ c ^ :1 o^ 

cJ_ps] ^bl jU oUL££l j! tJuS £^ ju*. Jl!u IIaj - a^b>£ i-ai* 
t>.Uo 2Lu2Ui i^UI O* aSj-ilt JUS . JU*M f t J^-Vi JL« ^1 dJt j&j 

.J^ill ^ uh» ^1*3 U5b oili l^i *3^JLuaJI jail l^L*^' J^ 1 

JL_i J| ^LSil j jjj^ ^i>-U i^>U a^j 0l>^" • 1894 
^ ^ U^iSLlj ;jUc J^ii J* U^Zj-j, oli: iUUcJ 

.^U^l (^Lfill f UaS ^ luUt -wLu J^-J 4> **JI ^ Jj-S* i— UJI 

J± jui*^ ^AJI LuUt ojL J& ^uLaJI r U&: 4^>b V^jS^I 

«^j^ilS J*^ Sj^-iUl i">«SJI JUiVi» ^ L_^t Jij-^tij (*) 

. 1879 j^LaJlj -The UnpublishedElectrical Writing of the Honorable Henry Cavendish 
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ijjji oaj <A^s i^jjx\ oL obtj^jt ^iuu jL-jiSj «a^iai a—jjii ^ 

C>K 4iL A^iu *J3? 4jUi j-aVl Ltj .«j^UJI orfay 

^ ^ j)) iuUVl 4_^LI^ ^ Jjusj . 1895 f UJ1 jlk* LjLi^J 

<^S J**J C^jJI LT ^j , „tt l iajiJI l-J*uJ 3jLp.yi Jj; --t | 

jU*il J43 LJUfluJ jaU J^Lf bSj Ulu .Sj^Vl 3 .y 

u* Wy^iU t i > _uu > ^l ^IjjLiJI jl^IL jUafcU Jj-^jJI oUUl.( 
i(The Eidgenossischo Technische Hochschule - ETH) 

tjt— £ 4x*k. r, .,M *jLAj - a^U» 2L». J^ua»JI 

^ L^Jj 44iLH SJ| JLuLlVl Cil~UJI I^Ui ^1 VLJI cUjjJI 
c> 0^ 1895 ^ L_*)l iJbp. «y^ . L^JL a. Uj : J aJ. 

liJjj 4JT ^ Ijla <iU£ Ij^j Ar 4^Ui, jL^LL ^UII juuvt 

cjj] .jm j*Vl U ch oL^tLal 
^aJ| ( jJlLj a^oll ju*a ^ ( ^SLui jj <<GLp» ol ^iu, jjl^I ^ cJl^ 

5^1 fUi^l ^ ^ j^JI JI^L CjJLUl oLdl Jlus o£ i*Uo.|j (jifi. 

•(J^ cV 1 ^j^i l^U 0*.^) ^JLbj 

j! a* ^1 j^Vl J^jj) ajUiJI ^ SLpJI ^tSa gin- ,„l ^ Jid 3 

U* Cr 1 ^ 1 ^1 *(c^J-Ui ^ JilaJI <1* C*U* LlLjU I^L. 
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i*» 6* 



^ v u-.n <>lSJt g^l cijW? o-il oSJj *1900 jJjj ^ £>3 »^UL 

*=.U>J i^K J**iJ j-aVl <U ^1 Op_^bT j! >A lOAj .^^i 

1 1903 r Ull LJJw ^ j* <jK * 1905 f L_*Jt ^aHiLT* 
jli JaLj) 1904 jjU 14 ^ ^ »cj>J1 jiU I ^ 

.(1910 ^ 28 rJi jjljWj «c^J^ 

*j-*-J ^aJ! c%Jl J> t-j * 1905 r L» <> 3j>iiili i^UJl 
^^SJI ol .^^bj <J «GU <4K Ijl^j 4\h" ^ OK uli *L?y^T J>^J 

^ t C <t.y±U ^1 f*«LA u>W- fc^ 0^ 

Cub JUJ3 'J— J ^ (>» t^* 1 * J T ) ~> lA ^" 
r ,in, W 4 jl JCUl t> e^U2l t> SjU- ^LLk cJK lili 

^ 50 a^j^ ^U! *U2V1 ^ SjUu, ul ^ Uju ^l—Jl ^ 100 

^ 150 UjjS 2L^ai 4*.^ ^ ^- sUJI SjL;-^ 1 t)P» t ^ LJI cr^ 
^U! AillaLo J>V1 SjUuJIj «/(^ 50 jjit C* lib ^L^ 1 

^jLuJI jUa ^/(tf 100 icj-^u 4^ ^L«VI 
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uu; y^^i^^^t^jj 1905 j^i^^ij^^^ 

ljjjL>U 



Oli «1846 r Ull ju* ^Vt 

J* d JUa ^ 4 ., i Ai Jjj_^L jjjl Uj , ^jjlIj q\ ^\ ^^iXI 
(4j1^j j^lj f U J£) 1878 fW! ^oILuhJI 4*i$_^1 h.^t^...:^ 
4juiT ^Ij^tU J^Lk <> jjjVI ^JJ 3 : ...;t L ^jVl 4*.^ ^LiJ ^pil 

LiljAI ^L^iJI ^ u^Vl #1^1 ^ Lyi ^ 3L^^ 
. JjVl 4*51* Litjj ^ ILulMI ic^**it uUj *(>^Vl 
U«1**j L" U*3.»UlJ ^SU* 4j i^UJI L! jJLt ^ jr^L^JI ^ jM^il 

J— ^L>^ <> ^ J 5 ^ J^U tbjj^ 

j^JI Ioa jLi^V ^j>U! 43jJL tf Jut Ju ^| ^| ^ , V ijX\ 

- 1852) j j ,,,Kj Uci^ <j? Sji^Vl fb>aiJI fJLl4j L> ^i U ^kj ( LjJL>J 

^^U^Oa oU^a J*« ^ J**i jl^ Uiu) Vjl ^j^Vl ^jj ( ( 1931 
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^ (1923 - 1838) jjjA jjW t* jjUUb ^ o r l» ^ (1881 <*J* 
o! J* J^b V jt ^oll <>. tiju-u^. t>Li t Li_£tflj . 1887 f UJI jjUjt 

Ujj l4~.Ua jO^ j! (_>i3jS?l 4^p. «UJI J& Sj^-Ij L^jT Io^jj *y^\ 
.oUL*ttl J* ^ Sj^l j 4ij2*JI <ya l^i .^jVl «Uli ^ 

^ CjISjI ^ 2bjj*jJI b^tj (it OJJ jW^ll JiJ^J <J\ 

oiijf ^ tUi^ <o*x\ 4 (^jVi obiJLJ iibi* Uju o-j) j 1 -*^ 

(jl jua ( U juv fr^uJI o-*^ *e tjj — » , . i Kj U 

l^jlj f >uaJI j— «t 0*1x21 Jj^fj J^t VjW^ * Wl5 (*^Lusj c^l 

^.^tl <LljLftJ! \c ^LjS L^jla t^SL» ^ ^jo» - uj-^L* 4j>>J 0 \ jj) 

U 1907 f UJI ^ Jyi 5>5U ^ J^j '.(#>-JJI 

jjmiKjU jl^v jjjj .*><^ji ajjU: <>a uu; ^ ^ ^ ^ ob 

^1 J** Uju^ J926 r LJI i^*JI u^Jlj ttJOIl jJb U% 

^jjju Juait j.* j— uuj U jaj io * /f& 4 - /+ 299.796 l^L itj— «*JI 
ebi -cr*!^ LJLiJ1 ^j^-c^l^/^ 299.792.458 

UjAj tfj ji n ) ! 4tj^J (j-US^ LoL^jj IjJLStja ^»-»1 tijJLsJI ^jJI j! JL>Jl 

S* ] oL-LaJI |juJL>j ^1 ^jLuJLl >lXI Jjl» jt <>tj 

^juJ ^Vl .L^lj oL^L^JI <JU >JI j^li t i*SWb S-^ 1 
^ gJj^ ^ cU-d O* ^1 < 1901 - 1851 ) JLJI^j^ 
oV jU- I j j^t ^ JSIj! ^ I j^Ij jJl^j^ 0^ . U j^^i 

CjUjJII Uj ^U ^jo^j^ ^ Jililj ^JL^JI ILLaji j» ,«Kj U 

<jf jJl^^ljj» c-^k . 4jjUJ Jjj-lA ^jJ*,} (jt J-fS dU'^ ^U-^iV I 

InjrtV- MjJuu Ji»Jii (j f '^-JJ' u-LiJl ^jjtat tl^»-J . JiJt aJj—J (*JLt b*jj (*) 

300.000 ^ JiijJL uj£ jjj^I t* Jj 1 * 
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u^e ^^^j^^f^La^^^ _ ^ ,„KjU 

i^cJ^! Aj^I of^lj^ Luu^Ij <1JU 4jL-3. (jSUjJ 4Sc>u, Jfi 

<1928- 1853)^^4^ juVl ,L^ij| ^^ui «j^l 

Sr*#" t>"^j) JU^JI ^>-jJ C*iL ti^j^j 3^£i]| j^Joj t^jJI 

42jL*] bl_£ ^ ^jJI t jJI^^La Slij jlu U jcul ^ 
I ijj . 1904 f UJI jZjj} jjc J^l oVjU* ^b oVl Li aij^dl Sjjl^JLI 
.Lorentz -Fitzgerald Contraction jJI - >^ ^US^I ^b 

4^ Jb^l U JSL_^ 4j^j J*JI Vj* j&u* ^ 

Jc 4kSU! ^ 4j! >b 4l*2l U J£ jf juij Uj 4( £l£i,T Jut 4^ UJI 

4* * 

(Cilj JJI) Lu^ 4^^ S^AJll c^Ua^JI j^lj jJI^Jiii 

- ^>>JI « .'. ' "'J U^ljJ t_)jj>JI Sj_3 Cijlj Ul£ L» J^M^j <J ^ « 

dili ^ ^ LL. Ortl^JaT J^jJj i f y^U S J 3 5 Jl*|j d^j^ JJjs ] Jj^U 

JI V^L. ^*sll oLiLuJI J^ j|) 0L3JI jjl^ L^t cjVjUI lJlusjj 
JuSX3j . r L«^Vl ai^ ^ s jbj (ojIS c-^l 4 „mSj ^ UI ^jJt 
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fcj— (^i ^>"^ ^ O' **** V 

ifij— ^ ^j^m o£> c>\ V CtfSl— 42taS j' ^ ^ 

Sb^ull opa <jj£ c^JI v-^-J «^j— i* «-^i 2 

.E= mc2 oVjU- j+z,] jLjis u* .aaujij atai cjui£ 

^ .,^1 2Lc>-^ oU ^1 ^L^VL. ^UJI 3j— udl 

v «lj* ^ ^'j .(Sb^l *U- liA j^) 3 n ..n J£ 

^1 4^ J£ o! i UJ^ j' 6# u' V 

j* ^jL-ULj Ua^. ^ (inertial observers ^lUl j>^Ij o**l>*) 
j\ a, n,;iL V*-^ 1 j-^^ 1 u* 

)i| «^Ui Jliu .oLl>.yi ciil: J>^l o'— ob tP^ 
PJJ uJ| ^juu, o- 1 ^ LuL* Ju2 ^j^-j jILJj *L^a m . c-^ljl 

,L^J| 2LL^ 2L^uJJb ^Vl ^ 4^UI oL^l—Jt 

^LL oi ^<^i ( .*u«^' ^ *b c^jaL_«I 4i*^l o' 
^LJaAJI jV oj .rt'i^l ob 'L^ 1 - 1 J— ^ ^ l»— ^ ti*» 3 
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r> *JI J£j i^^JJI Jj*l JUS^I ju*JI ^1 o^j La <jru 

CiLjuaSj « T» jJLI ciiLiLu/ (jf «i_>» ^JLI <jUa <j jj *o <? jLIc. 

"W* 3 -y m tU^ia <J£ jU** — Vi>^ *cr— ^ U^la (jt 

a quantum of light * j_^JI ^1 j£) Photon ojj^iJI jJai 2^.3 v .-^j 

jijjLs 150 La.j_L9j t^jVl V^J^J ^j'-f "M j-u 4JLoLaJI 3**1 -t J j , 

>j*i*j (jT <J (j^j^ill jfj < , 'n;t j) jjjjiJI jJfiu ^^-i o^i jijSu — 

<jj£j (^JJej (Ju*J J 1 U n <j"ajVl <-£j£ UuLu «CiljJ 4jLv w 'a 4jtSj a .„X\ 

jj t**< i »j V 

t4jjJa^ CjIjjJj jf <4jI j^, ^» oL*11lu*VI 4j£ jJlu l ^l£. *|«juiU> 

f> r l, lV, ,J LLUj Jlla) dlj^ V jl^UI U^jSl *Lu>UJI 4n ,„',11 

Jrtll 43 j < " f 1 1 (f j 'JtTI <Lc^_cu ' ** * 'J 1 * j l 1 ^ i" CiLo^LuiaJ 2 uj 

riM i J j^JjJaj l^jT Cr A< . i IH tl jJb t JLAj .4J; — «Wl CjLc^LlII ^ JjJUl ^1 

SjjLv ^It (j^ulliLa Jjj^v "U^l j ^Jj i 1905 aLJI (jh "iM.nl ^jj 

(*^ 4 j 1 j,'*' 1 lt* c^y ^-v *^ — ^aj J — jftj 
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* U, j* J* U ^ jl53 ^L^>^j OM as? W 

^ Mi) (jrjiiLT o-jju g>A Uo^. i 1908 j^UJI ±u VI 

.(Spacetime ^ jl^Ij jJki**» <y* o?l c^jjI <Jil\) <jL^J 

v l*Ut 2Uj: <iLifcUw J>\ Jky$ * 1864 f UJI j^l) ^-'^^ cr^b 

jll; ^ u Jl ^ j* oKJWj ok^ 
.2uuii an.«ni au^i >kj vt *4jIjUji 

ijS^^I ♦LhAIIj) er^-^l <%UJI 6^J -tk^^ ^ ^ ^ J^^ 
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jtbrfi SjJuJ 



38$ 



2S* 



1 



H II) 



i 



^yJUJll ^ rtltt t ^ i>U ^lt U «tit i ~ |g 

.(jCSIjfllK /iKi^m „.ilUL^laoll || 



Cy fJJL&l ^ul j£JI pLj)-Ldj 4 n ..tit i (Pj^laJ t '\U"n ljSjumJ 

(j J -i t<tljLa ^la^ul dilj£J1 ^j^-Jjj JjJuuJI j^-jIj 4Jujlo 4u*JjJ 

3L^j^I s -: ut l *Ulc <jK L. o£ <4_ujL>Jt 4_uL£ 43 jjua 
«Ut jjh AVI ial ,VA\ (j£. jjla ^Jj <>L» (LSj^^JI) 

ljJLuex» 4_»J 4 \t t »J 

(jj-rt mi» Io£jJ>j .<jVt >ULfl JljjVj t 4ijLb a jjgj ujLS»? 

< L2j^_i^j-l>. ^Jj U». jjj j *>i 1 1 j J^iaJ ^flj&jjjiL» guuuafo. t<_3jLti,l i f i l**n 



£ij Vill fJUJl u 4 ^UoLk) J-_yJ ^-ub 4-ujJbf (j a ^jJI ^, Ll 

jju 43. UJI I j— 2LijLaUI 3 jJfiuil SLcj <jf U} :uro»lm «»1 JLxf 

Oi .J>^l O^yW ^ 4iii>JI j jVl m, ^1 4_^j}^iJI 

^ft^rv jL»j oUal,<i Viuil 4 — uj^Ui, Ij^lij (j* t n^LuJll <j I 
C/)1^ J_ilj . 4_)b^ 4^>.|jJLl ^jj ^3 i^ljJeJ^O J? S ...alr.tl 
j. — uubJl (j>iaJI ^ Jua ^^Jul 3jl JuuaJI - S^ajj - cJl>.| ^^iJI t^JjVl 4^X1 
^LtaJ (3^5 SjUitl JJLseJ j. II ^1 JLlII ( J J *JtJI jL>oL) ^ ' ^ ^" olC 
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U—- «J*- - ! _J$it 6? t> ^-jJI eri- ^ O-** 1 t-lj <3-- er- -aLu.J 

****** 

^ j?jit ^ Luj L#-T j^d- <(J-U dn-^ c4- cr^WI j J3V3JI) 

c__ t_ljL_l (>»jjj *(Permanentism) 2bju l_jjJU 
U51 j oL-u^Jll l^fUw _i_ ^ _>lj_ ju^l jjuc 

dua. *4-JU_Jt ISj^T ^ ^b^f l^jj- >— «— 11 u^J • olK^ 

L**!jeJlj <^i_-| g^LII ,(1892-1850) ttb o* 

oh W ->b-W t* £ ^ja oiL-^i aii* e__ ^jVi 

**uj_ ^SI^JI oLii to iMjVl JLp. Jlc ^ t JI_^JI J__^^U 

3>S_JI jla c_Lj *Catastrophism 3L_u>_JI s, U:it oLu^a L^l£ 
SjO-j _»j_.t ij 4> __ ( ^ > _J| ^ 3 * 3 2*}\ JMk 

(1914-1831) ^Hij-^ Jjljjj US.W, ,„l 4xuJ_ J l_af ( >a4-_J J 3 

jAj *43>_«Tj J2_) <US3j .(^SUT u^j-o ^LS ^ jjjjll 
^^oJJ litu-f J,*_ 4 Lu^ ^1 ^ VjT ^ ^ t JI^V 
UI jJI 3 j — 3JI j_ o-— — ^' — J o^ii — ^ ^jj-<u u irtSjj - 3 — lUJL 
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^jlaj wt J-Aj t jjVLjtjJu^i. ^ — cut LgJ jjcjlj) J-t^i Ua t > ^ — 3fc**©t 

3>t t>SLJ i^yj^JLjJI 3j£UI < Ju/i'i (j — ia La Lojj 5j^>.jj8 c^jt£ ( jJL^JI u — 'a 

Sjaj-aJI OJUfc <3*3jJ . S^Jj^JI ^ Il*w^1 ^jVl j^lob ^ L^le *j — 

CiljLfcijl J>Ls- uDJL>. 4K Ijuk <jSJ * t<»n«n 3 1 "">**< * ^1 — uJI ^ 

^Jj J^iM £jj-a-"J1 (jt . 3^.jJlLo 3 1 1/1*1 a 3 jUf J^li- o-"^J ^>-t-a* 



«y& 4-l.1> jVl 5 j M.Stl o-a ^ 1200 (o^ift^i lfc> JLfl ^1 i^jljUl JjiSj) 
4^s.j_> 1200 Jl)>jj iuUc Jjllnn i JL>JI (>a ^ 150 J^b 

jjjSLj Ju>p 4j>-jJi j — bljj La 1 3-5 (JJ^J — «■« l)T <>• jj5>!j .3j$1« 

JL*. 4_t*a CjLIj <^jJI 4 — uLflj lL^SaJI ^ CjI — ^1 tJjJbVlj ^JDJ 

<us 0^ d>M\ ^ ^ ^ jJl <( ^U ,1,yi IsLUJI ^al 

(jlaLj ^! r.^r «Xjt tajjJsiJJI 4*LoJjj <±j1 wlitLuit L - f ic- U^Lt (j-ujj — <j» 

Vjl t(*jh ij.itt tilJli jj-a {«i^j-JI (jr^ 2L»4x ^jjjjj — u* L^JtlLa-oal ^ylll 4jjJaJjl 
4jIjlj £_a (j'djVl t_*Sj^^Jjl*j (t^jLiAA ^*SaxJ» t£\ -iLaj^l j>p I — £\ 
^imii^i (^jJI iLjljJu^. jjfej tLajjil i Toifl I^jT LuIj .(jJj — «laJl U>^' 

JS! JLLa 
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CiljUil <jf Lfcb> ^ t ^_ — t^JSJI J>U O^jIjjj 

juij ^fj ^ oUj£ c A <i"i.Alj t<J , ...uULl^ ^i^Js j^ubj JU_UI „UJ 
J, <lJLl L_^» jJLu^! Wit — «SJi J* ^ ^jVt 

^^iJI j^Jj (jMLj ^1 ^J? LjjI£ Lujijj J1qj tl>J^ JjuL L^ua*J ^ 
1838 j»L*JI ««jIjLa < _ y a j, <, ha! Jo^ujlUI jkSuJI ^jL>. ajS t 

4jlaj 4juj — u, ijLLSj\ 3JL>. LT _3 jjkj J**j2\ -U ... 

JjUjJ) j J <nA" J (jjIk^LJI L^JLStlwl ^ylllj ^ .„jus?! ,Uj^1 I 

liat» \jjt<^^ „L^vj <2LujlSDI S jiaiJl jLJo| Ji.b JljjV 
o*! * 1912-1845) C)di>^ ^ ^1 <jf J^- s >^ 

L)^l^ ' V^ V^^J'CJrUi^ " r ' fl ^C^O^c^l U^lj^^o^j^t 



cSJj^S <>jVl <_^jSJ ^LJI grU ,„tl Ulu olj^Vl lli ^LDj L-.fJ^1 

jjJou ^ CjjjIj IjUf. ini C^jJ j^l 2LLijuaJI .CjIjLoJI 4j>.J^>-j 

jl^I ^UVl J>L^> jVl fJLi <^l iiu-JI ^ o^jVl rJ i* 

J— ^Jj . ((j-a^-l j£b ^ jjju I — $M 
L^JLc Lc.^ ciljU* (j^Lv 4jV <jSJ «Jo2d ^ VUj^I jj5>! Uo$*j 

^1 5JjVl Jj^o lioe-J! <ya <L_)b <>C Mjuafl * ^J-* <j>— ^ 

i_jb^ jljuuoj dJUjSj nV 3(11 i$j±> L^. 4£.L*L> Jljlslj t43>& 

<y» ^jJI (ji^. ijLpi-Vl ^La! Jjftia (>*M JU-u»j .oljUJI 

4jjJaJJ ( _ 3 JLuL>J1 <_iVl t<_>ljjLO (jjt jJuu£ J-£l*±$ itfjlS^I JJ^I t — Ui. 

^jjj * 1880 ^L-»JI (>j (>* JjVl (j^-fl ^ jiiui j-Jj 

dljjj^jJI Ll Jji^>.J <(jrd>JJ tiJ J^j — u*j|j £>J JUA CjLu»U. (j — a 

jLL^j-ftjdlJj Jju (JjtUlj t 1905 e^cjrtJn 2buaU (j-^ <jr^ 

*■") Cjjj^ 4j>.! 3jiaJ J^A J^p- ij^uuj ^ — <jJ^_JI (j( j jtril l 

jlLoj .(Sj^Vl jLliV tiJI juT juJl>. e^-iLS f£j ^a* — ui 52.5 3al 
Sb^l jL^jVI ^ LjL^U jjjLi J-ul 1908 f UJI 1906 ^L^JI 
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L— ut\ j J LL£ jJUotj .tiiJUJIj jLusjVl ^lc ^ j (jr>l,rr.4$ gjJJjU <UuaL%J 

<_y3 U_(J>lji]| (jrl J ^p^sUc-C L yu\ Uj\ (jy lg. ^mi g (ItJfcJ ^^JiSjJ ^ t 1912 

«td! j JUu j injh j£i Lft^j . 4 — uloj j»LJ1 ^>j9 ^jLlj ^ jjJJjLoo, CjJ^jjSLjlj^ 

<« jujlkJI <JL)I ^-lU» ^jjjjL» <> <S>Uj jlcI 1910 f UJI ^ <ul 

<> 6i^' j^) L>-lt»Vl Ijuk (jr^ JjAoJL (jui^l (jJlidi) 4^tj 

5j_jju Sjils Lk^juX.I «b! j^c. ,^tj .^a ^tisjll jl!itj ■ S . U ^ 1 1 jjjuaJI 4__ajJ 

Ujl^. «1911 r l*J! ^u, J», ot U ^ULfcVI Lij fjj JUb-VI 
tys 3LpJI JK_il <£j JjUUI jjbU^ (jiSLl; ^ is.>L-~> ^ IU 

J 4jJtit 4-4JJL& 3 . Ht L J4>»J 3 ^3 ^CJuJ LlA JaJjJI jj^Sjjl i joj£ij 

4j|j_Lcj (^^ojjjJI 4-iJ£a JUu U-ti TUbot U ^yJjVl 4*JUJt ^ JJUaJI IjUb 

(Die Entstehung der kontinente und «cjIUj^U j oljUJI sLij 

. ( * } 1915 r UI^3ijjLyJI Ozeane) 

^Jotj — uJt ^-l^jj La (jji^ i l^i^tt La lij J <VaV| 

jl^jj ticp. iOljUiJ 4<flm^Tt 4iUJI <^f .(Continental shelf) ^ jl— ail 
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.«A^t <y9 ^«£1 Uqr-<^:> CjU-j? SJL_»J^. fclji^t L» CjJL-*-j 

sjujl^ ajii.yi.nl a^ ^ p_Al . 1912 r LJl ^ ^ <> 

. ( * W 6- . 1913 fUJI^Ul* a>*J jiMb^ ^-H 



4j^SL-*JI SujlSiJJ j'»/* ciUaLJI c*cju— JiSi «(jJjVl 4-dUJt cjj^JI 
J>U- 0£-H>* ti *e h *^d>^' 3 d. ' T ' N cr^ J - 

Ulu . 1915 r Uli ^ jJlo» ^jJI .(««uLt^pJLIj tnl jL_ZJI sL^u Jxdf» 

Ji^j.4l»JL»Jl fcjj iaLa 2Lfc.aU. (JjJ jLuajVl ^ — L. Ij i'nUa J— 

JJ ui^l i t 1922j 1920 J>Li. (L*3jL- W» J*) ^ 

cdJ jJ j <J-um11 £*ill ^Lua jt <«JU t cj|jlaJ! JU>j 

^ ^juijl jJL ijuiLtej 4jo*J( jLdjVl jLluil <-nrt<4 1924 ^UJt ^ Ji — i 

(1922) 2cJl!JI 4«, UH «4 j ...^IjajHUoyi cijjl_^> U£ 

j^LiJa (j? Ijj (j! j>ja*j tjSJ Uj^tt j cjIjUJI St — JjusU <_>L& (>j 

tLAjJftiailJ 4jus 4 Jju (jtj (j^o C.W U^> ^.l^- djlSLflV I jljj c-. — uiSLj IjU 

J^j^ 4 (1940-1846) c^j^ ^1 ijJI ->U»jVl ^ (*) 



ij jJI JiaH! ^ <GjU.| a 'Kiin'a 4juIjJ1 4jtJaJI JL£.I 4j! <>4 fiijJl ^-J^. 

tuLjA+tih ^jL*^t <*-JUJt «>» SiJliJt jU-Ju (>itJI <lJ1 4^*j 
1930 r UJI <ysj . 1929 f L^JI Sjj) AiU t>- J^u 

a^cijji 4J.&1 j.*^ 4!uJl c^j^ «J *(Ulc 49 tfjuk 

JuLjJl (jlc- c?— *J 4i*Jt C^-wIjj .CjjjLiJI l^j^j (jisjjJ 

31 4^ ^ ^ ,, <n»4 ^ 2LSI JUkJt jtj U (j^adJ ^ irftA t JU^Lb^-C. ^ — 

.(oa Mi^n^M^juc 1930 j^^u^ jjVi^iiUjjiiiiaUi 

gujS\ Js> j£*Jl ^ 3J . l**2> <U 4JSJ ilnuit *JLuS *Lb! 

BjlcI dia (jjj (jjft ^5*5 j? (Jjju (jl I4JL4 £j>JI <— *4^j ^ CjI jLiJI 4jvj>>>j 

. I4] ^.Ml MjJl jJI 

(Pangea) UmIj ^ J^jJI 

jU^a ^IjLUl <jt ^Ijj .L-Aill Cy , rwj 3j AStl <>a „IjLuI JljI^j 

- Kji 1 1. <uJ£ ^ 3>»>m Sial JL u ^ <<>U c_flj_*j) iLL^Lk 3 rmljA 

Cam 3jjj>- j^s «JlAj '(^JJ i «t <r La — I^LlL.»u/ ( j-«a — I aj < n L^-4-t*ljj iieli^ ji^l 

jlLo L^ic^^^l Ugjl j L^LU^ «Ur.-Hl Jt^V ^j-oll 3^».jJLI *L_jjUJI 
j4-„Vt cu>\£ j .(Pangea) LwL j Sj juia! ^Vl 5 jLUI JL-^I 
150 

' h* 'V 4jadJ jJuLJd uijij . (lIoJltsJI ^jjtltll c- 1 mi -k 4,i, , <,n (j^aaLo 

(jtj i LiJ^iL >*Krt*<j (J^a-2Jt j^jj ( _ ? lJ1 L-iljLufVl «UjJ C» <tnf (jl 44, j ^.*i '> » 
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(— uAJ La>» Juul 

oiK Lt .4lt lj*a- <#pll «iJS^sll e'** UjL^L ((A^l 

r U JSLiu J^tLj .aJSUI iio^ 3b,li]i 4*.>-JJI ^ «2**— o- uW 
lW* uj-> <>° o^J^— 1 f** u-L-J ^ ^ u~— ' ^ 
<^"' <>• u' J^^'j • t~">» UJ-> l>*J (crW^ cP* i') cA)^ 

^tpi^Aj gtt (^^S^t efl>L_i]l iuJjUi ULmmJI 5j— 1211) 

.«UjJLua3 j^k. >o*-aJI <>» u' (v'j-^ U*-) ^^b^ 1 

JSU 2L3 >AJI uMj»J1 jtjiLal ^ JL>JI Jl^ ^Jjl^ Jojj <^J 

^1 UitiijLil jucjj oijUJi o' «-^j 'W^'j Wjdj' U*- 

tiu>. <>o 5j j> jJuu* <Uj£ ^JL-JI Lr*^' O^J— ^ J— J J— p 

^ SjutLla <jVt UI e^l ^' <> c^i 
c^Mkj) ^Li- JSL£l> Ou- u^' u^ 'M^' c^^' u* 5 ^H4J 

■-..Aj ijjUJI i>j^>II o' ti^p. (>• (4^1>J ^3>l( er^ o ^ '"" 'J 

l^u 1 1 Jjut^ U^'j « 3j „, uiJ! 100 <J\ L-iJf 50 

^ ^i_^Lsj| Uiy . 1907 jf 1823 f 
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j^juj) 3JLuJ( ^ (jJj 'm Hii JJUL4J ^-uiJJ ^MilUVl Jau>Jll <j1 tdJjb 

4j>»I — uJ, L) 4_usL>- 4J mJca CjbLu 4juLLo Jjusuj |«j I JlA <jf L_jJbjj& I L& 

t Jb^Lb^dC. xij «l^ja (3^3 3j_p-^M 4lL*j J^L>- jJJLifl L^jLjuij 2^..UrA\ 

(J;U UI J& 4J 4-<t_Al UIM fjt\ (j? JLU . (L^J^Li. 4 d" -K j _ y 2J ^ylll 31>-jJf ^yfcj 

Jajj (Jj^Jo (j^, lLI — 1 jj (Jjjl — uA\ J& LjjjoL ^Vl BjLaJI J^-j ^£.Ju J di 

<_y3 t^Jul^J! j-*iJI CjVLv (jj» (JjJjJ 4jj^mij jjitdusj 4jl i-w Jjj*M^ 

JLi UiLs MJj Ju* Ioa o& <4^p^> <_iiJU 4A^Jai oL^KJI 

tlj mn't 4JLjia]bj tJUJI cjJJ j£" ;^_ue-ua Ja <J1l*c}Lj Jj a. V t 

d^J^jJ! 4-lt — l^o ^jJl fq <-uL>Jl JJjJI jJSi Ijuk j . L*ob SjUJI 



.(1965-1890) jJL>a ^ji^^^j^JI ^UJI Ijlaj i^^AJt (^aii 

^ i Jutj I j — j~J>- — ilaJl <>» JLojJI J^latJ ^ m n? J1 

-UI 

2L_xJ jjJI obLstLal jb^l j! JUU * 1907 ^LjJI OJuJ ^ ^ Uli 
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J>L>. (e^^L-i *Lu* 1.50) L^^/t ULi ^ 

JUj ji» * 1907 f UJI ^ 4liu« ^HfllJ I jub ^ ^ .4_uJjjJ1 ajuJI 

jJLyb ^^k, UljJ jc_ix^>! 1 (>a ^ — 1L« (jylc J ji^t^t l ^ J — «I 

(j! 3 e> jT'^; Ijuk J;u3 (1jJl>. j *4jj*1jlII ol tf^LdJJi ^ iSjIju-all 

oLuC ££)fctl 2Ld25 (1927-1870) JjjU^J ^ij^jJ Ly <Lij-a\!\ m l 
IjJajj .^ jjjIjjJIj ^L-j-d >J1 <_< — uij (j-a 4j>L»o U <tj-us ^ jituaJl ^ 

<Lc jj_JLdo Juu i, o" g j < jJtjJfc ^jLStj utlj . jjit-uaJI UJ (~a — ui£j 

CjLliC. JUJLstU «4 jlmll «^p-Vt u — lJjJlJI ^UJI ^ ^y^UJl 

< 3j h 1*J! (jj-dJI (>a ^lui j u. f J&j (J I jSLA .4J^u» 0±!±a 370 U>*il 

^1 j ijiejua 4jtIaS j «X. -iJL*J <jt Cr"^" ^Liali — <-«l <j» — 

^JJl ^UJl CjjjUJ y A uh JH\ J» »>^> r j£t l^il 0ru3 

l^jjl jjk C.rtlUl (J-oaAJI <jl 4j Jjjj jJl 4 u, . «mt l 4^.j.*je.<U.l 

1 jjvI ^ U«j < , ^'«* J.v*^ SjjaLc S^L» uij (jjo-t 4JSJj *4 — tjul j^aJI 

^j^A <_<j1 tjjj^j) ^ J-o.ii>- a ^^Jjj». ti^L^ j^Sil 4lui 3jJ. 1 Jj>. 

J^J! Sjiai 4j>1i 4^U>1 o^j • U^35djjA 
(LiJj.1^1 [juy 897 4ii^j ^ ^jjj) a_JUl jJLja Jl^t ^ y; m l ^ij 

j! JUU ^^IaU (SLjSUULl 4_JSU1) JLjjj 4_> l-mo ,„ ^jJl ^Aj) 
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JUj.i 1 1920 fUJt ^ ^Lla ,(1910 ^ UJI <> 

.Jaij cjU^J Uj^j ^ ciUj JUU J*iLj . 1917 aUJ! ^ 

U^pJI vc.uaju Ji_w 1924 f UJI j& LuUau* jLc ^ 
i 1943 f UJI ^ jt ^Jj utLJ j jail j .^Uj^j 2uwU ^jj 

Ju9>3 leS «j^it^aJI jl— o^L^J 3jrtt ^,VI ^-uaUI j— «Ij ^ 

tJ Wj . ( * } 100 ± 4.500 431 j ^jVt 0 t 

Jjf CjjJ^ ^ jj|j .(J^ 4^ IjbaLc o' J l^-l j) .«SUSLj^Lill 
*_jfc&JI J^*iJ '^tilaj 5JU>4 4aJb oLak OjJLlo j«j « 1944 f U)! ^ <U 

JjJa^aJ UjJ 4_Jll U LL* J^JUJ . 1 AjQnn [as^la L*.jSj£>J\ J— *>■ Cr* 
U£iU jl jJLIl ^ £^,1 j jUai ^ U JLH- ttfSS 4JL_^j ^ 4J 

','■? " ' J !920 f UJI J^ j^j 4jjUJ| 4^>.jJLjJL^A^UiA| jf LuSj 

jul*^ <a ^LL| Oj-^- t^ajj <£ Jj^ JL^»j ^ j^f 
Lm* ^ jKiV eh .„ « v,U J5I jT o- «=*-l3 SjU} 4^UVl 

asjfcii a^kJi cj^j .(j^ <>. ^uj.yi ^kii a*j 

c> (*^>f t>JY U ^ <s^ *uI jlS! cu^i jj_3 pi - ^Ij^JL 

V—l-Vt &jUI a' 6* 1> udJj .^-^L Luj Uju^«JI j^j^; j ^i- ,J ( # ) 
L. wL^UJI 5ij (jL*^ L^-y^SiJI ops 1910 f UJ1 jll. aij^ ■■■'Jc a.:Bii 

.(juL^J j>* ^LaVt (##) 
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JM». UJ 4" 3L*ui tdJij 4>3^jJlj JLl^JI j^k ^«U*J 

jtj t a.-. cjUo jjjb (>» j*U 3aU juu) 1927 ^L*JI L?* 

L^lia t J <l>. L^* U jux c-u>3 *3— *Aa ^j— a 

.(y^oiLVl ^ 3 J& Ocean ridge (J^l ui>>J1 Ju) ^UVt 

^ 4jlji: . JuJ A, fJ^u iiJLstJ I lA {£1 .(Jl — dia V I £U JLj** 

1=1 >JVI j ic >jVl J-SUJ' j-*JI ^ o- J 51 ^ t—^ 1 
JjSjJI ^h.^rtMI gjunai jXy*>fS* 1930 ^UJI c^j o-LaiS^ 
^jVt Jib J^JI oljLu J**3 ^ L*~>* .S^UJI 3^>^U 
^ i ;; 0^ jJI i i^U— iVI J>L»V1 J*l, SjJjill 5jlj^J1 

^ t (JU ATI ^ b— us\jjij it^J^fJi Sj^J' ^ Lr-* ^ LJIj^) 

juusbfcft lj> ^<«a VJJ* J$ JU>u -o^J^ 1 g.^ " ' ^ f-W 11 
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Jjla4j cjIjLUI <j!jj>H J-ftj>JI di I j Lu (jt_j ju_j {^lllj <^j^l cjL_*L_] Ll-v- 

O-"*^ OdL*^-* Jj-u» I J-Aj 4 4J — cJI <__a Cj1j 1« /ii — u» 5 

^ 3U>jJI JJjd! ji«jh , 1930 f LU1 <ys I^ISL* 

V j-l^jj Ua J 944 f UJI <ya «^jUI» ,>« ^LiiJI J.uaAJI 

: y<;/* <^j_l ^ ^aJI I^U.aS ^1 

(jiuu . pIjVlj £_jL_jjM ^j_<» dJiSj^a j^jsfc^» jJJLJa <._.l«-> 
i^-" Ij-j^ J — ■ '<^*ij OJ^ U—* ***i3j4 4 — jlAjj j — oli— 

L«-4 i^^oLk ^jLSo £_Ja.jj J-«tj (.y-t LaUj «I j c j 

<>-j->-jJI t£jjjt>. (jlSLaL ^uJLulil ?»! (j-^-L». jjj ,.L>J 1 

(jUs 1 1 JlA . . . _JU j (_i.t-.cuJ ^-CJ L0L4J 3jLuu jJj ^jlo^oJI 

<<Lu3_>Jt j, J «j fl >0 '-j^ 4_u__*. ^jbVl 4j_JllII 

.ui-UduL- * j>23 (jl f^Jt La jJlSj 

<6 ^ JlS-if j-cV^l >Lu_,i MSLi ^jjL-JI i*.>jJ! c__l_" 

mVI l_u 

(J jJI j^oVt I JUJLSO Lo 4_U <-3jJU q] jrO. ___]} 

«jjmrtt ^-Jj LLa ^LbtJ 

SuLalrJI j -C dVl (jt j -^jua^j uu!i _)? c-aJbj ( j__CJj 

4jL%j uil L^l-vLlo bbjSi-jJ I t^J-il 1 Ju& 4 _o)L>JI 

t_< — t^j&l jl 4j<tlr 2Uj_ CjI J (jj-- (iP ' l.gnt 1 oLJLLalL 



«* k» 

<>» S J >Li. 4jjL2]I 2L>.j^>.jJI ^c£.Ju LuStj JU JL>. £jJL*j j*Ja 

1930 

<jj^««J (j^a Uj| J JL»0 j) iSjjJL*. L^jV (J^u ^ — £J V i5jLlJL>JI 

miiII (j^SJI ciLloujtj oL-ujMj ^ju ^^ic J&lj . LtiLo JLJJL>JI 

<»Ja*JI jlftA i_ibSJ JLaJJt <jf J^^J^I J«»JL$) ^^Ij ^jJI 

Jl« ^JU }LuaiS cjL&J! V? 4j ^j^I (j^ <>• 0^ Cr^ 

tij? ^jju LjLuw L^i^w «1 * Ij^ia b^°l U 1 *** ^ l j — JjT 
oijn mi«i^. jlui Ijujl>. LiLk^j Jjljjl». I — jLb jl^ «^jVl J — *ju 

<UZiij J lio Jjl tfjjJU I jufcj .3 ojlUI 4JLL1JI C-lj^Jt L_U uU J2>J (^jJlj 

\j^t^^ LaJLaj jJbJj ULsua |«lftJI l^j £xt<al ^^oll 4 j rtj*C 1 1 I JlA LuLi^ ^ 
^aj^Luw^ Lua Ja*jj I^aUjj» JjLjJ iLU jljuc! J_jwmj Ja^ 
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J*»- Jl^Vt \jjt ^la*V oU>di ^uuv ^ Jj — " 

Ioa ^j^ut ^ll^i ^ a^ujt a*>jji 

JU. e^LJI lI^ulU |ju^ 4^114 

ijjUJi 4*>.jJ| ^La ^Uul ,l£*lM ,Ju* ^ CijJL^j 

5>U S c^K . i^y^JI 
U*** IjlJ 3 j^Ut i ^] jujl>JI JJjlJI JLIuI L^j 



^0-^1^^,(1991-1904)^1^1^1^ ^iy.j^j^i 
Ij-^j aj^l\ oLVjJl l_3LUI ^ ^.Ij ^JL^ 3 ui ...» ^ 
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^jJI ,(1980-1907) jjVjj jjM ^U*^ 1 H u 

a : ... : UI-,^ j^a, JILuL ^U. oLjI23 JU* vj^ 1 J-** 

^ Iju^a Jiw i.Ni-w * jlijjjJ 4jt*L*J J-4JLJ J>jV$J U>^l 

jsi>- j^jg £to ^LsfiL ^jVi <;r - w uLLiii jua' 

^1 cy* Jj^' t >j-(>^ Lfl u* db^b 

^^Jl er-SL^» IjjJbi 0^ 'ui>-^ 

Jjl e^tJLJI ^i^iSJVI VJ-" 1 ^ 1 r JL * a - 4 - 1 ^ 

, a jjb jdaLbjJl ^i** 3l^bw o LUc 

O' 0^ ^Jt^^ 1 a : .-.UI;: 1 1 oL_u,L£ c ,* A* 3>La51 J^Uj 
^jl. ^ j^^JL ^UJI 4*.>It oli 4_J ^jVl ^.-^loLUI JUil 
^ U&l^jjf Jl* j^irttt .2Lui»UI cJJf 100 J1 olji-JI 

ot ^>*xjj ^jVt 3>^l <ys < JloL^I j! ttjZ* *j4uki* 5jU 

4».jj CrSpLl^l 0e-^>-LJt O^J .2L*_«4kLii- o^^ 4*-^ 

<J> ^j^^ 4i,„jUi;;u o' i ^i^) ( J-'^hj 

t jl>j 4 <y*l jJ! 0 .„jUUUI JU1I 4^.j3 ^ 0j£ 0T 0^? f J-*' 

^ oU-Lu Ult jju. U IjAA*! ^1 4^1^ ^Vl ^1 0^ *ck»J^ 

. cfl^Hi t*&**b ^U— ^< oW^ 1 ^ 'f-^ ( ^ ^ ^ 

4^3» oLum , u \\ ju ^ Jjl>JI o-^j cr^-j * SjjL^' i*>-jJ' O'-A? 
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jUuJl f^L" ^j^j UJI tj^l CiLiuMS 4jL^> 

Jj i<;;r *Ji 0 Vl JLpJU Ji^f il^U Jail a!*: V „Uj^U cJu-alla 

Ju ^ a», iV; ,„t ,l L^^j&iJI ^ I ; ,„v; luliJI 4.JILJI VJJ J| 
^ jVjj 100 4j| j2 4lulj^i c^cii. 3jL_3tUI oLV^I ^ olLLpJLl 

.Sjoijua 4lLfl — ui i'lllU jj *26 <Ua (^jioljtJI pkUo Jjic ^Ljj * 1941 ^UJI 

4^ t^UUJt ^0, jlj^ ^tijoU 41^1^^ 1948 ^ ^ 

•LeGrand f»Lflj^l (*) 
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<>a cJ£U 4*JJLaJ( CjLo* >UI o-fl CjLmSj 5LLi* ^j^-Vl ^ 

, ^1 L«3li SLu^jVl 5 j-iSJI o^» jL*j lOj 5 Oru 

U^i*^ JuS ^1 „U^U ual$*J 3jjl~» U^l '6i^ ( 
jjjlU jL^ «ULI JUa! ^ ^I^hJI JoL^Iil <ia^ oU^S 

Oj£ J^j «CmI^'j CiJu*^ j! Jl*j diJLV U-lM-u» (jt e>j*^ 'O^^ 2j>J>4 

^JLI oLU u jb -2L5ljLll Magma - (U£UI) SjL^' 6-* 
.(^ 90j 80 oru U CJ I >l o! jUJI Sj-^ dU« o* M) 34 J\ 

4 J I r» J I JJbOJ» A— Uli 

^jJI 4^i3 j^it^u, 5LiA,) ^LL^J IMS J*>JI «^IjLu 

.f 1961 j* uji jj-ii» i.*. ^ Vj? ^ iu^j? jj-w» (*) 
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£sa2 UU*: ^ jjJb <^L^ t^SJ t «ani_^), oLL^I 
^l^JI i.LAill JO*^ . ( * } ^LoJ| £ U>J| MalS t ^ 

4*il j t JL*J1 *UL* (ja^S^ oSjl^ jjl^j .^k^JI ^1 1^1, 
i*5 c^ulj .2jjjl>JI 5jUU VU* dJLLA it** 

o\ tujp* <oiwj a-LcbjVi Sj^iaii ^ uisLa u.h^i cjIjUJI j_^u ^ 

Jfe»)UI .cdJi jtfj» JJj ^ cJui£ ^ CilUj^U 3^j| ^ oLLui 
a^^JI Uu^u Lj^aj ,*i-«Jl ^ ^ 2 Jjj^u ^ ,JUVl 

^ Uiu I jla i*L>il] 2L^LuV) c>ul ^SJI JLi 1 .^... h JUUJI 

^jJI j^Vl *}UL£ L ltn ,„ ) CiljL>oj t> »t.r. .J juu . 1 f*j tj^ 

Li>* *=iljUJI ^ ^Ull a*.»JI ^ ^1 J*iJ| 

.Ja t pJL! <jL*#* 5 >ii> upi* JsLii a -r m JLZ^MJ 

^ uf a« *u^J^I ^>Ut iAA ^L*]| oU ,„a.tl Iju* oVl ^> (♦) 
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2j£.\jLO Ja^JI OljLu (j! t-fljJUJ .CjLAaaJI dJUb VgJ U ' ^ 3 j ir i iti 

- ■^ jJt juuaiJij ,^>i.t (j^Ut ^ Ufr&Jj *j£UVl cr-^ 

^Aju <ya <Lit ^ 4j|j jLfc-JI jJLoal (_>^ JT^J— ^ Lp* C?—^ 

l^—u^ ^t..* (^1*11 .U.^tl 2£U J 2^Lx) ^UJI *L^t 

^1 C*2]>ilj >&t 3>££ lJs^ C^>o iijaj ^ jU^-r a 3j— «iiis 

imantle Sj—^l <£j ^ a^tjJl ujj L* 

^Uaj t£* C&*1 l?* <*-*Lhj J)V) 

JoLAUt J*ij o j^k UiL juij oWW^ jj^ 

Ur UUVl -t*^H o! j^jJW ^jjl^JIj .j 1 *^ 1 V^J* ->^<>» ^ 

2LL*JI ^L_«M^ j^Jtft J^j ^LSVl ^ <ya -5^^ 
S ^ASfl £JL^u J\ j^Ua JoLJlU jy j* U£>* <jj^ 

^ ^jf L^3^ j^t c^U^La Cil^ OL* (j^ tt 3jL-uJt ^ 5^>° 

.4m„H ^ ol y<«ri> ... a . i j o±*J\ U'^v sjji*^» 

^ 4 4jjL5JI a^-j^jJl ^ JljJujJI jj-ualU SLajMJI CjU,>uJI 

. f IL <>3 4,uU^I iJSJI ^ , LSLb UeLij : Li^ ^ (Tectonic) ^j^i («) 
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U ^ djalh tfM njcul\ «u_.Su jUJI SUu^T JJUu jU 



4^ £j__> (jL-iu ,L>^ *l olr 

Cr^ 3 o'-i J — *J 'J**, ^^jo <jt ^SLaj «>a ^ 

<jK>*Vl 6t ( ** ) (^>tfl- j^jiji i ^ji i> ^4x*L>. <> t (1942 r L-JI 

USj ,1962 f UJI JJJ>^ 4jl«L* J* ^yuJt L_UJ| S^Lw 4_J JL, 
4( jLul 'f*! f W JJU^« C^l£j 5 ^Uai ,Jl* ^UUl Ojl_M 

ui>Allj .(1988-1937) LkJi oUIjjJt ^JU» Uaj_.T 

OLfiVI ,(1931 r UI ^ jjJjJtl) ^j^L. Jbj-juj 43JL_-j ^ 

^UjI cjL>L_I ^ JJjJI ^ j jj^ jUJV ^Ltfl f UJI ^ 

* ^ i-.^o ^ 5 j hhLLuui aJojU (< u^jj 

j»Vt oljUJ ^Iji^II *L_LJ1 5jU] cjLU*. oL juay JJjJI jrji ,,,0 ^\ L a_-*5 (#) 
SjUJI ilo la* 4L1^ u«i jjuI; ^jVl 0^ 'M J^iVl JJjJI ^ 
i»£iiJI 6,U «Lwaa <>i JJaJI j_J ^ ^SJ , J^^ilJ ^ ^] \^ . l^l, f Vl 

•(»1967 crhi>^ oj* t* ^jLsw (**) 
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4>5t J| ^Sjy^jA * m .A~\\-A\ cj| jLma Joki- ^ £— 

^ Luj^l %U»kl1 £±^1 Sj-li JmI» u' <u^W>^'j 

. \+z 3 ^jVl JU-JJ i^LUI 4, ..mU UUL . kU o nl ,>2i_^ M~~> 

^jSu'^oLLai o' o* ^b 1 ^ 1 o* > * ■« •« . «n JJ^i 
0 ii .^Uj ^ o*J*i^ o- 

.U : ^t l ^ ?j ....UI:; 1 1 o!jL_uJLl ^ u' : ^j' <0d>*' cr^ * 

y3JI iu^jVl 4, .„.ULUl CjbM^t J~MJ ^ 

^ Uu^-j : Uli pjWt <;r uuLUXI ^ijbJt Ji-w 

,ju* j^I j* ^jubiAi 4 jJi aa-^uai J^i uji * J^i 

^ ^| ^LJI 0 oJI Ja^iJ 3j>«* j' *l>* OA-^ 

u tj a_ iAjU IjuSfc ujS^ Jsj— «.i *t jla ^ lib • 3 1 
.^j^l ^ ^ ^* t tt ^ 5^ 

* 1963 f UJI <> mi 3jjjl*XI <> ^1 Jj^i o-^f 

4tu trei*»*** tV»-^ ^ c-SjSJ J5I— Jl -^t^J-e tf^ 

t> ^1 .{Magnetic reversals) a^-iLuat ^\ o* ^ ^ 
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<J**k3 ±& iJ>*&\ *t±H-aJI (JLc J £tf Lulb 

cUjLll (aJLtH ♦1*j!J*<>* W* Ij^ t ( 1993-1908) 

^Lt» c^J <s? ^J] d Vl ^ SjlULI c£U3 Jlo JLo. 4 1 ,,.!,„ jjuI <jt u-» 

*LL>.t ««j U LSij) l^.rifc j ^ Ijluu Lj U. c*5*j)f oLcLLa 
, i^ij Ij^u, ^ <J L^K , (Transform faults J^*UI 

ois&Vi yjjt ^ s jujuri Uu^jl 4rtU~u , jiavi ^ ^ 

fLu^Vl juwf JLc 2lWjj] (Plate) «^ji,^» - tt .<i ... ^jjl ^ 

lu*j? ->JL*i> Hj>ii. Jji JaJu di j^n JA\ 3 (Lua LukllK j! .S—^UJI jl 

f uil ^ jUJi SL^j! jjl*: ^-jj^jj ^ijjt ^ulsji jjjji 

crutUI «iiLuVl 4mA ,„ J*- it^j crj^ cLLJjj .1965 

aLAu! j-uz. tS^j^ — <m* u, — .>nU l.ix rt ^ i. i n oLUc tliMi (Eltanin) 
oLU*. <-,n, J ; . < j .^jl^JI Ja^ai J^S, J3 t-djju JUk 

JL>u JL*J1 4l ,,,|, t , j^jj i^jdi JaiJl jl JujoI ^ JaSI LJjjJo 
O- (Jd^T «i^Vl ^ J£ 0^?^3 ^UniTI 

c> cr%p»Vl (=;T ^>^^t *Ll5f 1966 

(Science) «(U*JI» 4l^c l^ij ^ 4 4^>UJt 

Ur^dJ^ *->J^ *i**J 

.W. C. Pitraan and J. P. Heiitzler, Science, Vol. 154. pp. 1164 -71, 1966 jJail (#) 
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^ UJI ^ ^L^j * 1963 r U5t ^ o^J cH» ^^ Jl t 1 -^ 1 

CJ& >*Vl ^bll O' » J^ 1 0^ 'LhP't *J*M ^^-^ ^ 

j^loJI 4aJ *l>^ S^LaJ <ytj «la* UjaS Sj£aJ Sjjo* ii^-* £-JU*J 
cU^jlZ» U *LuJ1 3iUi SuUc c^a^L-u/lj . ^ Vl SjUU 

f Luo.Vt 4>>5ciJ Sa^li ^ L_u^> U*^>* «j^W 

j^j t «a^u^ j^t» 3jL^i u«a JuSj <(A^ ^» l£ c 10 — 

^ UJI ^ j; jjJJi ^ (OJJL* uiu^J f) 4^*11 t Ci1jUll 

UJ*Jj ^jlhSJV! i-— I >>JW <*W* ^ o- 1 -^ * 1964 

ZjuUbli ^> 1 J-^ * UL: £ryuj! cM 1 U^=- O-^ 

Ltj « bU laiU ^UJI *>.>.jjl ^i.^ aiV JJaJI >»->L^ J*U 
ojl i 3 ( * ) 1965 f UJI ^ 3 j^l J jVj, 3LiLU o£ 

jju^j a^UJI i>.>-ji3 f^aJI JJaJ! ^#-.1 1966 r Ul 4_A*i 
^ dj^Lui jlju ^ ^ ab » J 4 -*^' 
(1 ^a>.U! <_jL_ii j>* ^J^t 4 j ilr. V t oju-ajj • Sa^lj 

. A Symposium on Continental Drift .«^jLaII <-s>>JI J^>- J&*>» 'Cu^JJ lCj J^ (*) 

. 1280-1276 o* .216 jd« (*) 
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oljj^oJI 43.jaj ^1 tlua^) <j;>L£U <jb tiLu-JI h ^uS 3 ^\ J \ jj£ 
^aJ| cijjjj 4j^ (1966 f UJI Vfek. ^| 

uai^ 4^ , ( * } 1967 r UJI ^ (Nature) «j 41** 

^VjJJ (Plate Tectonic)^jVl ^U-aJi ay ^- 1 jA 
c^d^fcP^ tU&ill >Lu^i3 LiuJ 44.iVi ,„1 j tJ lSj&1 2U>. ^ 

oVl «-dj^^ U£ ^jl^l ko^JU i TjA.n - ^J^JI ,U^U 4_2kil, 
4J5U* 3£i ^1 «cUiuu^j t <j^J>« J*^»>3j .(4jiUUI 

^P>t 4^1 jL^? U >A Ij-Aj ^ ^ ^ Jlj3Vj) UjUp- 



. r Ull 1*1*3 ^ cJU*l ^1 . ( ** ) t u i,jVl r> Jfi S^l» 4_Jf 

LJ1>Jj 4^1*11 ^Ul <jl >A ILu^Vl ^LLuJI (4^) 



<> Jaiia 4iJ> Sj^Ij 4^i_uD a^j . (4^ jVl 3^_UI -U ... J£ 

JftLSuIl 4ooi£!^ .U^jK jfSjlS^jfSj^ jfda^^jfS^ 

^ ^o*j Uil a^djV) Sj^JI Jft ^jJI ^^J^l 
^•Ul ^ 0^ U^^^nJ .L^i; 4^-jj 45 4^1^, ^^Vl 

^ *» 

. 1280-1276^,216 



y*j uM- Obj^' *LSt ji'SfL Laj^ JjUa cJl3>JI J-^I jja ^j. 1 
JaLSuJI) ^jES!» <IdL_AD1 I jub ot c^jj M oljUIl J*_^j 

OldJ JjSj ^uJlS ,>aj Jux U5b £jJ^*J JId (5j — «liJI <j-oLiJl 




c-^K 1969 <*LjJI LuUcljjj <ys Sbwjliii Sl^wUJI r, t Ujucj 

4aijuijl (.h^ri^W C,U"*.I U£ tSLl^l L-jLstuaf ^jJ SlS^JLa 4-*jLi C a u^I 

New j__uj Scientific American jlSL-ij-al ^Ij^rm l .. . 
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.a*-J>i]| ^£J\ J\ j^u }L^_~, ^ l^it JfcOUI .Scientist 

tiij^t Ij^Li ii| .4*^1 4ju,UJ| j^jG ^L. UljJ J^ustj 

fcw 3 >N i— JXI 6*. V* Sjyu» ^ ^Li^Jlj oL^UI 

)Lup£s ^ 4L1UJI D L_^ ^UJj ^ U Jjt ^UJt ^1 

Ul« Oj^J I- u^<> ^ LHc)t LU 1% ^U^l 
(Understanding «^jVl ^„ ^.l^j^i: tiili 
tfttl oiJI U«j ^ »jjL , 1970 r UJl ^ j^L^I ( *> the Earth) 
<> >^ t*) r>U J^A 1 6^ «i>jVl f ^ «s j^l» w i - U JL^ 

•ct^-^I (cklJ^Vt ( *ot«J| jLu^VIj ^jujl^JI Ai^ljJI 5juiJ| 
^L^l ojcU ^ .otjUJI IU>j 4JL£w ^Ui* | ^ j 

a^aii. ^jVi vSjSJ 3j^> oU_^ ^ jujlv ^ui jLc 

j! Ulj .S^JlU,! c^jSJI iluj 2LpJ| o Lu UJI <ju 4 6>Uj| 
<jl l^ju . Jll. J}U ^ tdJij <$JiisLJ1 i&JI tfjut UJ 43Ua a^s 

*2>*i*ftJI ^Ujil J>-^J1 Jlc UjJLusf ^ ImI^j ^j^, Ujfc^f 
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£jju>.t tiup. JUu.tl *U^1 <ys b^j^j Vjl L^-T- c. «.«m l 

v Ust l ^ Llic^u - U l j3-«t cJL^iit <^j&l\ «tL-fiJlt <>• J 12 
UaJil (2bjUJ1 l»>^1 j-yU Uisj) lej-uu VU_i Ltf^j ^0*1» 

J£ 1 Jl>. l^fcuS (jLJjjUJI C^J^lSI ljL>. I^lSjI JL^C. JL_i«J . L— uiL dJJli JAJ 

juu ^1 * 1924 ^ o— *iJta! 2ujaJ! ^ M) 

^ U^j>laj JJ o^J^ j'-^l ^jjb ^ 4_L^ dry— o- 11 -*^ 

,S>£iJI JjL^» dJJif tpJt ^ a**jVl ^UuJI 4^ 

<Ju£ <yi L^j-lo^ ^Li. aiuaJI iiujj <t >jVt ^ 5LpJI 

l-Sjjl^ SSJjJLjJI oLflLSuSVl Ji^OJ J^jll O» j^LulA JS-£u j-IJI 

f juuj . ^ JSLA3 «> L~ $1**1 ^ ! t^ij ^ UJ( ^■•» J1 
JJ? ,^f 0 ? ujJ^; o* j-^ 1 1^ 1 ^' o^' lt^j 

^ Ijuju <Uit^ Jlj*}U jj>.j jJk udJi ^ JJ-i -f^' 

186 



<jK (Erratics) SJL^JI J&\ ^ - : U jll^l 

jis^i (jte^iaJi ^Ijl^I u^^^j^ajsuii j^i^tJt ^->. 

JL^JI o^—^ \£>A AU c-Jtf <u -jlHI «^jL&JI 

o^Suj ^L5jcVI jL^I Ulu 4.^jJLj Ini Ljj-Sj J£ 

^ju J^. iUS 4J& I ^iK ajL^JI 2b>^JI J&JI j i „.M juUJI jj^^ui 

«41 j£j «>Aa £^LUI (j^-SJI CiLL^Afi. ^ ciJjU ,,,| cy*iSL^' 
^ VU* j — Aij cdjl a i , i\ J Uni t-fljuc ^jJi ^jjljjjj jjl^ii; t^UVl 
ut 3^-" ^aJt 4jj^I $t ^| oliVI jl_At .1842 f UI 
fLc la—A Jdjlw . LuUf <U cJjuaj Jl>. L^iw ■ 

«> dJ£JI JlUII ^ v^jj ,4jjuUJ! jUiVl «-..«jtj , juUJI ii^JI ^ 

SjjuJU. diUjT ^ I <r,U«* jti\ s .(iceberg) **5UI ,i jUtl JL>. J& 
llbia ^1 ai ,„l,„tl *<JSU otM» ,„ ^ c^U (Ice Rafts) 

iJj-&\ *Uj-uV| <j^a Tjbj JllL>J1 jji^tl ^L9bu9 ^jj^J ^jJj Li«£. 

W 4» 

l^j cAj-w 4J_^ — u±s 4j^>J( J-aljjJL jitu fj ^1 4jj V,r>tl ...tl 

^ji^jL-A jjo^ <J\ jl^Vl *jLA<>i 1815 ^UJi ^ .^wjia 

<^u£j> (jT ^) L> «^ Jj (^t^Jt (^usLjJI JL*. (31 JLj (jjijJ (*) 

'"^ *M* LT*^ (3d>^= L>^ J^^' (5i^ (>* 
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^tuk ^U* Uut j«i Alj o-Ju^i cill^j J**j Lf-J— J' 

3jJL> ^ * 1786 ^Ut ,> ^uiijjLi oj* oJj Jll»: 

<u«l Jl*% 1813 r UJI ^ t^-^^^i c ^ 4j&]j ^UVl 

ajjj^i j^ji» 3^ ^1 ^lUjjL^ j^-j «1855 ^LftJi 

Sj^LiD i, ,,mVi* j^l ^ ^ 4:1 ^ ^jJI ^ ijiAti^a » -. «^j 

«pil a^j^t oUi^ai <>» ij£t) SbjLiL». oui^a 3j^-Vi 4 u^.u 

^1 l^tjjlj *(4_jJljL>JI jU&U 4jSL^JI ^jJL-aJl jOc C^IVl 

«V ** 

> Luj^ ^ ijUti jjjuz*. ol— ^» j-oVl o^ii 1829 f UJI 

jjJLuaJl n'nji t* J-Aj itilJ JU £juio JLvIj — ^ C^J-*-" 

^LJI 4.^^ ^ L y=>j—^J\ ^ J'** t* ^ — O^J^J «4JLU1 
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CJ^l £M*±*J &U5i3 v*^' o-pj « 1807 jjL* 28 ^jj 

^ itt) j-ufcj* j-j^ !U>U]L dJLA ^fc ^ * 183 1 f UJI ^ ^L» 

jfcjjLJI jlluit t, x^*u* JjuI t±<orw * Ij_uijj_i_u jj ...I A T jLc ( 1832 aLlII 

^ - r 

tjjl — w£U (j& ,jm — uA ( jt ti V) jjjto < nV iaj 5jljJL>. 4jlaL>. ^ < _ 3 ^LLiIaJI 

Ij^ujj^ ^ *>>JI Ijuk > nirVl lj . <U5 £>CjJ ^ t ilj j^JuM ^ftaJfiV! <U-toLt 

.*>J1 Ij^K IjuiLu^ 1707^L^tJi jJUil.^j^^lSUjtdlj^ij 

^laLui Jll&j J^JJ >4j r»< j-iJI ^jjJLjtli 4jK r «i (j f fuC. jl\ ^^k. 

Cr^i .(^^jLLlI! eK>*^ jt> Sjji SjaLuaS SpiJ IjLC Uo4) Ll«/j^j tilLa 

Uuljlt ol^ac ^j-ui^l .>L*;Vi JsL^u ,1815 f LJI 

SU^ju 5jujl>JI iJUI c*jl£j *(LjUtf ^ ^jjtjjLLM^ J cjLu^^I jo-f 

^ J^^'jLj' 4-1) L^i tij^a ^ j^iU-f J-Hj - u — ^jjj^ 

<±JJJLteJ jj — uiLc? j-uIiJujl — i J J JjU-J .(j-uSLu SjJj J^>- 3 dlolll 

.djj-rtj Ijjk ,jt C*juj JJ^ jUej| jj^uiLcf JjU-J (jJJuJLv j,<*3JT. 

bsLftJ l*J-"cfl-<a jj — «jiLc,? jtj-uaf 1 1836 |*L*JI ^ 'A o«SLjj SjlL 1 J^J*JJ7 
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fjl«lt 4jj uua^JI 4-it.«>.>JI ^L^act ^Ldf JaT J — Aol 1837 jjSjj 

djjj ^Lau) p ^.Ul^. (jLi (JjI ijjj ^ 3jLJl£ ^j^u u^l t) 4 — i*J. l ^" > ^ 

(jA LaJ ui l&jlg. JjaLU 3j-JsUJll <£yuzyi ^ ( jmA 9 — ■L fc a .'ylt u — ujIjjJI 

jj , ^>«tl ^J^joj p ^ , 'j Ij^La Lua^C ^ — £-5 j»JL3 (Jj {SjJsJfcUll lili < i m Vl 

« (Eizeit) ^juLjJI j nrtl ^itru^a 4-^^c L7 —£ ^jiiej__uilj i3jjuJL»JI 

Vt CP Juu U t^u-ujS 4,t J-> uulc t 4-l^Uj>. <_ < j . « j ( L4J {jy*juuLa 

(jjjjpll *LuafiVl 4_J1 

" ^ylll j <4_jlLu2J1 jjVkiTI £tL — u? ^jJLaju <Jj1\ t_)jJuII (C^J Lxu^jx 

3 'r jm t Lgjf (jj^bUJl (_>iaJU LAj^ui <^b) J ^4^' JJ UJ^* O*- 

j^i^, (j'* 1J * f\£ LuLu«f ^^a) Sjjt \ n Juusj «LListu/» j_i — fkljbT 4jUJI 

^ £9jJU jlj <jrL». S 4j tfLAJ CLul£ .4j^>jv 4x. j — 4Ja^M_Aj 

Lc_a gj ui! i-dj^o JuL>JI <jt tJj — MM^jt 4-Jb < ^ mi 4jMj 

. I Jl>. 4_».^ <>» Jl_l«>Lv 4ju9 Ja=*J (j| JjtiJlj £LIa2 — uil 

JSLij) 1840 r U( ^ jj& JLp. ^LS^I « jla ^ jli! 

^jJI «4jJLiL>JI jUjVI ^ Ol — miIjJ» 4jL^ (JjI — iijjJ ^yaM* 

V! j-j u£. jJk ^ j} . La Lu c^JL^JI jjUo j-j — uXL\ (j! j^Vl S rtjrt-w j 

(2ui»jUJll jl JLubJL uu) ^JU. (>c 4jQa^>L9 J y mm t (j^JLau 

^ 4JlL -^jj tjjl uJI Jui^JI eMak <-£j£J\ (j t J— ^ 

:g^lJt Ijuk 
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— ui ^^ln. Sjj^vjJ,! 4j^Aa]| SLpJI ^»3. ciJ^L&j j_j_aJG 

— loJI ^Itij I Jl>. £ — uu I j (Jjul-w *Ua£. 4_j^jajuo 
t % ^ <^> -iLwij .<— il i^ijll <j — uu Lcj jLstjJI j '"'tj j-r 

^rtMiTi ^pJI ^jjLuaJI <LajuOj JU_i5JI ^jj ^j^uj i*JUa 

.juUJI 

giyu 6^ (Utul JST ub) ^L^J J j j-ii L^Jt 

JJ j^- j^J — «-"p ^ IjlA ^ — <-ulj * 1841 ^ UJI ^Jui>J1 jj-oaJI 

4jV t^jLCJI jjduijltJI tjLtjLo? j*^ juL>J) jj < ( ^>£. j_j__< J uLc.? 

JjJ ^JJ (jt ^ L^aj^ <>» J—fcj L^JLl 5L*J9 * l^uoVt^j-SJt 

jju JjJ *^ — ^juLv j <^>r djj_)L>. 4 Sjfl-^ JLii.| JS^/I ^ Ll 

jitf 4Lu>J 4^jlSJI 4jU-^ <> 4 , njlVi qSUj ^jj-^uJI ^J^^-^J 

(>» jjj LuLLsjj-j J-} — jlj Cj( jJ— -uu Sjuu tiJJi JjjSj 
^LJj4^ini Jj j «i < <i^ f ^ cLlSjJI tilLlA (±-SLaj .SjjatstUI lLJU uuVl 

C^^ub^L^li^^^^yi jl5t.4^oAL JJjJI juaLV JjLijai 
LiLU^ ^41 j^il 41*^ 1840 ^LJ! ^ f 12 jV—lAt -h— ^ 
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^g j) ^L»IL>-VI j^xa»J <jU3jjUI 4J ("i'» rinj (£jJte£bJtl liJl,» i «S? i «LuiljjJ 

(1871-1792) 

t^jJI £J>ailJ ffi-ljJI JjJjJI L^J lio». t |,V7Vw)< ^uIjlm 5JLvj ^ 

jJjl 1V1 L&jLuaja ilfa p . (^jjjJj^ ^1 SjLjj ^ «J^M^j cj-aj 1 o 'm 1 1 1 juJjjj 
: U 1840 fbiJI <ya jaj^t 15 ^ >t«AiU v^J * 'JJ^ 

Jju Sjj yjjt 4j Jj.l>Jl Ctl olitJt! ^j-* 4-Li^>. 3 

cL-p- 1 1834 ^LaJI ^ Jj^,,, <mH jlj ^1 Luajt «J (3j u<j i4_jj>-jJjjJuVl 

(j t «mj (j} ^^b» (^JLti>> j^u&c <1>JJL>> (jie. JoJjJI 4Io>>Mj« ^UsbJ (jSLi 
j l!>j Jaj jJjiJI Ljl^ La I ijj . 3j lLLla \\\ 1 JlA ( jr l£. Lkj_i uiij «J 

LJ c^jjj ((J^iaill JjJlJI Jlj__jV m;jJI) ^iliuJt (jLa^LiJI Sij-S^fu 

<j£ t4jlM <i"tt Sj_taUl ^LUj (^^-tlo jJ^-Ju ^Julrw j a] t jjf 

.fjJ! ^jVl ^ jL^f Ji^J 4jUUI 

Ut ^jl^ <iuj|>Ji (>. ^USVI (*) 
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4x>.jJj)j?Jl ^^^^ fOLs ^L cT l v I ffJJt eQj Lm j j j mij Ju^ISjJ (jl^ 

18 

£J>j-*j L^JLA j^lo ^ylll JUartUI Lr A 4iuiL>J! j L jj mm" T I ^ Lcj d JjJij 

U : jjfc <Li£. 1 ^ jJI p jll ^tUl Jl j inti . JliL>JI j 

. r 1840 r UJI 

LfcUUI SUa ^ — <ojLh — uj tH- u tlv 1 Jh! — uiLcf £3>» 1833 ^bJI ^ 

•O^h c^jL») cr^s» «(1835 f L_*J1 <ys j^l tJ ,t; ,,,<tl) IjJj L^lj 

^U^Iu^MjlII d >jj Ai n ji mi f £ — LuLlIl <jpiJI CjLjJLuuj) i ai^TiIa 

L&p-t (JJI — JJLjJ Ij UjJJjjj Jj 1 nj f n <-IlJ_jLc. 1845 ^UJI ^UJ 

1846 ^LjlII fj^A Lijjjl <-4>y ^ojJI Ijla <iljj ^Ijjj .JJuLs j-tfuj ^j^Lu« ^ 
*4jJu£. LaI jjj ijujLjJI ^JL«JI ^ ^-i^-jJj^^JI fJLJlt jlaIAJ - SjLstill 

U 3j-<jLc. Mj^Luyu CajI^ .^t^.i iijj Cjlj^uaL>m ^j^4 aJ i »1 1 n (jr 5JLJ 

4-Ltii^ (J^L>> < JufeLii i JUL>JI jmr tij jJl>- Ji£jj Sj_l^j 4j«il oJl&Llu 

4<jflnit | — ujj Jj_l>. i LujS! — ui LfljJj jj^LojJLt) (j^jLiJja (_ jjJs 4^1 luJ, 

jj — uij - (jla — lju^j 4l>. jJt iUolj^a 
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Lo» jJ^-t>J ! <iL*ic J^iLj 'Cf^^ij-^^ Lt^-jJ^jjJl *1 *ic (j-u JjLLiiJI 

pfl "■! La J-Aj '4-1 ^ ' ' I JuJl>. Ltxu^ .IjLsjLfe OiLuij? * 1847 j»L*JI 
^i*J I u»t J^fi. j . 4JLaT ^LutJjl^l 3j_j£j <J Jif> US" 4aJUl £u» J» 

(jJJji-i 4 /t jJuus (^jJI 4 uloj ^UJI >4j) 1859 ^LlII ^ <jj\ aX\ 

^•j.Utl cjLsujVl 4jjJojlI Lia^lj 4jLl>- 4_j1-4j Jli 

I 1848 ^UJ! ^ y. U. 
^jl£j 1838 ^L*J1 ^ a 4_l«jjI^VI ijjp. uu* CjuSjjI <^JI) jiSJi 

(J^jlII (^al! ua^4 jLajijI La* uiie.] (J-cJtU *L>. 

sl^j Lij ^ • t Lij^jijl (j^a 1848 ^L*J1 ^ h 1 <iLij^I t^j^L^j . jjl 

1849 ^L*J1 (j — .<G — mi!j^ ^USLt (jyl*- ^j-uj^ ^ <ui (Ja — oj& ^Lc 

oLuuald p_}Lc ^-lijoIj . ^ult i-u^.LujL<-uLa *^Jujm-<ij£Lj jJa — i„<i5v „t I ( j, 

1850 j»L«J! .jj uLcf S^uiV (^y^Ljj-cVl ^j-ili "(j * lj.j,<t",* 

jJ^^aA < <n I jSj i j '^"^'j 4(_^jL^ <±i-ulj_JI jj^a 4-ijLjJI dj-all (j-uJ^J 
SLp&J j»T(.cJJ . ^JjLaJI l-i'^"! Ljjjt ^j^a 1 9 j 13 I ft^ Ia 

.^1873 ^>L*JI fj/jn j-L<a.i.fijj 14 ^ju^ 
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u sAy> U») s-^ jSJ' oljlj^ 0 t <_o_A^l 

oLu^L^I ^Ui ,1842 ^L^Jl ^ « j^ji culjjfi)) dji^ ^l^^..^ 
o\jj& t_jbSJI 1 jub jjlu->j 4 ( 1862-1 797) jl^J <-^j^ w - ■'■ >iJI 

(j^a 5piJ) tfjl J^» <>a Ujj>. (J^> — AJI J>*- (^aJLLk} cilia ^ jjju 

oa*AIL ail jjj o^jV! J*jj-> ^| 3 , ,„>TL MSLa uj S^ 

^j^Jj^JI^jVI IjJajj .^J^ojJI £-<^«Ji ^ 2L>.jj 23.5 ^jjljj 

J? CjI^Llu 'Cr^j lM- >fA? o\A' Up* 'U-"* <^ (j' JJ-^ 

tjJtjj Lul ^Juu La jJbj ij*OJfciII ^1 4 1 1 ii<fb <4 ujJu dL>uVl ^Jj < Gj^Js 

oOaj <>a >>-^M (<u jVl 0 n«^>'i Jjvl AJI Jj^>- jjJLj 

tiJLUI ^ Ulu t U . .^ AJ I <U juuf ^ ^Li 

3 o-« JS? Jj-oj <3jUJI (jSU ^S^a uj^l! ^ (jjSLi ^jLu (j « 

Cy*3 'f&dsA* 150 j — & (j-u^a—AJI ^ JajlJI u/jla jjl tltia. 4 4jUI 

^>l>ji „i^_aji ^ls? UfluT j*, ^ ^vi a r 

^oJI U"U> . ^ jWUI oLcl — w jjul ^ J>taT uj^j gl" A«tl ^ 
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(j f ^^JutJ Ijuk (j! JUjujcIj . L$jI£j^>. £j-J-«f (jy j3j L&jl Juo (j^> (JjLSJII <-3jJaJI 
^juL>Jl ?LLaJtJI q\j 'tjjLH*^ Q <n 3_3jjj j| ^_yjjJL>JI t^rtnoll 4 <<a 
. Ijuk ^ylii <jL*jJ (j-^ 2 Jlj^V li*^') Ctt'J-^' «,'knlt 

<_iij£ (j| i} r r .'S t* <>L>ol ^ 4 Luij jS.^ «fLJI <!>JL5tJ j! (j£Uj <j^J 

tjjj£ jj£T (jSLl tJtjJUI <j-*tj 4Juua *<j1jjJLll £Jj — J (jlajVt 

(jj£i ((jr^l ju£.VI fjJSj ^ ...L SL^^JJ) oU-UJ (jU <*l jjJI 2u*J ^ 

(jlejVl tjljJ->JJ *** g <LjJ| j_j ilu (_^jJ( <jL>uV1 jJjujuj (4_^ibu»J 4_Jula_> 

(^0 * 'i 

4_L«i cJlJI 22 (J^ 3j_a <nl^ <»H SjjIj ^ <-ujj |*JT ' N (jr^l ^ <-"-*JLj 

1 1 juU L yj^ju\ jl jJLLl <Q3>LtL ^ Jj'~ Afl Ja <P jl^ I j£-*J 

Sjjj jLsj.il jjjusuj . L^jI£jj>» LLajf ^yisj t(j..><i oi)l ^jjt Lgjlsl uu* juu! 

*<_ajJ1 juJL>J1 j i^c SLil^j . juJLjJL a 4_L-u cjJl 1 1 juu 

4jl ir j <i" i rn j i j- la .i l I 4_i — «fuj J£ — «i ^yJI L^Jj^HJ L^L>uj JL*itJi 

L^k: t iiljj t <Uj-*tl ^ >Un KtijAaiLJI 51"<TI J$ jV^n (j! ^Tl 

(jljjt£. s.L>- Ll^ (j^aj i J *[2l\ SjJSJI ' (Ji-lj ^1 2LajLc 4 

gjj < £ja t f \ mi 1 1 ^Lusj^. 4lLajj jL^jj! ^A>> 4 *' <j-"L"l ^jl j_*Vl ^IjJ .4jIj^ 

4_uiajVl Sj^JI u Mts\\ Jlv! (jl ^cjj Sjilfl (jl . J jL>J1 t^jLliIs (J^ jl J^jV 

(jf (J-u-uJ . 4aloL>.j — lu 3j^3 Sjj^j j! jjj jJ>-VI UJUj Lo^J jl jjJ 

1852 f UI ^ (1859-1769) r, Tj,^ jj; ,„<ll ^UVl ^LJI 
cjLjjusLjjJI ^JLi (Jj^ j»L*JI 4jLo (j_« jil^l (^j L^ejjtj jjjju 4-^-1'^ <_ iLj! . 
jl^I SjjjJI s o\<z^i (1783-1717) j^b ^ j^JI 
(jV *5Lajljj 4laj M>>a ^jj <1 (jl jl» V) 2LajJL ojjIjj Luj jl «jj? 

Ol ^ii ^yL 1 *— iaJt 26 (^j LilT 23 jjja CjjLilj Sj^jJI (j? jjjL 4jjJu>JI CjLjLuuJI < ?li»<*t («) 
>( j mu m iII ^llfi'ill ^Js iSj^ i ii ~*> t <LujL>Jt O^LcLaUl LilJjj jJjJof 4_jjLaj 
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4j! u « mU j . JjLHI SjSJI <_Luaj 4JjjJI jlju» ^it L$j . ^^lll 5j| j^JI 

LU <^i>txuj U£ i(jr ^jJja^JI J -» ,„1T 1 m g* J — loj (jjijJujlS\ J>U- 

ol j-uhJI jL^u ^irJl ^jjLi ^ aJbJI a ; .~~ *.t| 



jJLuaj» (j| j_t£, ( I Jl>. 3^ j» (jlajl S »U"a LiLLL<u Sj-L^Vl '"- 'K 1 182 1 ^LjlII 



(j — 



f4h 5*1 jJill jLi^I <L&Jj -0*2* ^^^L^V! pA*ul\ (jrH ^\ ^ .2Ld jjJL 
Sjjj^. ^ J — <ulII JjL>. ,l-<jSJI ^yj 4 — <ji2ij ^1*JI cjL u,L*t ^1*3 j 

^ t^j — lu-JI 4^ljj l^j^j c-uj-al L«JU£: ^ cVl Jrttlj /*\( <J ^ajJ| 

<d La «L&Jj < Jj^ oa>j— ^ c>* ^ Ij^a g! cytj.Uj .^_AU1 3„..^jjui 

J^Lu ^? 4J! 4_^jJ| ^ U cfij 1 1857 r UI ^ j JuJ \ jJL^) ^jJi 
4-J£ ^ <^LtL» J^U: 4 fljkj^ 4UU» JLvj ^Lt juuj J 

U J t ■ rit, I (jjj Jj[^ (^fi SjjIjJI 
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3 Ti^ 1 1 ^Jj ^jj-ajJI 3Jj^ uu l_L& t ■ ^ j . «^3-1 qjo i^juuojZ. Ijub 

j OjSjj ji^LtoJlj £jJigJt dlc-p» 4 (j Lu j utjjJaf 4o& SjuIjJI «LloJjlJI 

(j-u CjJL* uuj <jLojj1 (_jL£ fpb La jrAJ £>a JjL^ . j — j'v 

<_dj^j jl Jua JSI li ^fl Cjljj.vJt djjJo* 4JL^Jo jj^f 

^JLc L^aJuS ^ Ulj JJ>*J (jisjVl (_<( £j£ jt J « ,^3 CjIj — jjuJI 

SjL^iVL .(1877-181 1) tuujJuS cnjjjl u ,„i oUbbyi 

c-^jSJ! ^1 cjjf ^,111 <o^4>- j-A <Ui>iuJ (j-c L» ^ — a? jT 

1 >H^i (1892-1819) >bi 1846 U5^> 

(_jLui>. Jju ^jji jjlC. c-u-luJ tO^-Vl <_<£ljSJ1 Cj(jI Jua 

(1822—1738) ^jujjjjla ^LJj L_flLua£l Jj-*^ Ljju>. I j.* jji^jj 

(j-uajljj? <f^l (jf l>« (*A>^ l-J^ 1 1781 j»L»JI (j-uojljjf *_^jSj1J 

.^LoJLdJI jJLo 4^LuiH^I Jj? i>jLj£.Li ^HaJJl 4ji ulj ^1>JL>.| 

JduaM f-Lij q\£ I 4 43»jJu) (t 1 ! -v 4jj-tla 4Jj_L*J J utjJLb i— di uij£\ *L>- 

(_ujdl 3^j^. (jLii) u>4^ A^*J .(«I^>. 4ijjLo jjt ^JLtil ^ ulJj 

JyJa^I I jla J^Uji^ (j-uLo/f < _ 3 lc 4j Jj-iUl ^«j (1758 ^LiJI (jlSjtt 

c*l j-uuJI tbjjt^ 3j^< ^ c^jJI cdJi ^ 3Sj cj^LtlrtlJI j-Jl^f Lglu ^y» 

(JJ? 100 yJj J^sj (JJ^i {J7 l£.J±j2\ j\>Xa — ^ 
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bjjb jljJtl (jjSLi cjrtjv <GU iU5b JoJj ^4LjI£<Lj, (JT k: <tcj-o^a 

lj_3*lj (jjSj f>$xuA J^ <> a* J UI «>a V^J^l U, \ a" i «J ^1 SjIj^JI ^ jp3 

Uj-^Iwj ^pJI SjIj^sJI (jl^ ijTi^W jtjdl OjSLj uy»j .ajLcJI j i jua Cjr JLi 

2 JjftlLuJLi 3»jl j^>Jl (j jjii< 4_j^ c- j » M > ? <_j£j£LII 
Lm2j £jjjfcj ^. t jt^t l j t^*\ \ <j? ^jIAj Lvjlj^j <ijJL*J ua\ J 

^ J-sL^e £j >*j ^L^tV j _j t( jrtJI ju£.VI ^ jl2j 3 ^ubj j__u^iJ 

Ji-a3j *<Llus 3 j — £]( u (r->'t ^ t rtr^t'i J£ ^ J-lL>J( jj uac djjJL>. 

I j-4> Jj^JJ .(jru — t-uJI t_aVT Cilul i \ JliL*. jUal ^ <S 1 

3j — 250 jJL« (_$J_JL>. j inr <ya (j^Lc (>ajVl <_i£j£ <j ^ua*J! 
Lm3 ^Lwj^ j^J tiiJj juua L^jIj nriih< t_oJl 80 L7 ^j 

5jJ-tL > JI jjjua*JI (j-u La ^ — ujI LgJ £_iLa-uol ^^lll 31>.jJt,l <jj'^«ttl <>U 

tdJj ^ Uj iJfJuoLii)! < >- J 4 juj-fl Jj^ jjtvi , H |j . (Interglacial) 
33iJliJI ^ ^aj * 1864 j*L»JI ^ (Philosophical Magazine) -^t' 

^4j^oD^ jjoi3jSLu.y a^jij^i a^i ,.ati ^ ii^uj^, 1867 

>Lwj c-4*il «uLoplj ^Ul» <L>1^ >^ Jlju ,1876 ^UJI 
^LUI « W^^J^JJ^'j y — U!» 4j|^Jui j^>.Tc_)l^<iLJi JLau «U j J us j 

64 ciJIjJT j^J! {y* Jj^ {h j^j ,1885 f UJI ^Ujj *(u3-^JI fkj 



199 



^fjoT juu .1890 ^UJI ^luo 15 ^jjdjj-u ^ ^Ijj.L^jLc 

| J J lij^J t ^ ^ X>J^ a ^."^t JL;li>jl J l^tt 

SjjjLSfcjS «L^^J^t». Cjl LlJ j^J jjsljjl ^ JL>.jj ^ 4jI t>o pLC. jJI ^ L. 

J** ^ cil >^lUI e^l jL-^T J^iM J>^ e£i^ (Nj^ 

^ j\ ^jVi uy^w 

* JLsJ V <(Lji^«Ll 25j 22 jrU £jt>2 tP^i (JjJLI 

^1 ^ ^ L-kJl 40 

S! Jb J* jM\ o& jr^v «G! ^| 4_J3>Utj 
Jjjfc^ ^^ylc j)j Ijuk <j! JLU Jjft! J_<U — cuJ 

15 jf ^VT 10 

(j! ijuk (j.!** . Jj^_^ «Lili L*£. LaLaj jrjjtj L« *Li — ^ (-i — ft 

juUl£. JL>-T ^ Sjj^J CjIjUaI! J — J^f (jjS i^jLt (jl^ tjJlg int i Sj^JI i rt irtt 

<Ua2lL jjj t jJjJl Jj>J ^liia Liajl >*j) ^3 — *j jLialal U 
JLlUJI jj ^ j U CjIjj^j JLjJL>J1 jj — uafi. Qyi 5jl j^>Jt <J? ^_3 

^ *.<a > . r jtj :r tl ciL u-ljjJI (jSU t (Inteiglacial) 
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I i j La (j Lu j 4 jfs, t AJ I CibLuuJI j-jj-lajj jry nV<! «LcjjJlt ^ i ^ U gJ^J ^JUuaJ 

— cax SLSl^ L^JtL» Ji^aJI 3!bJL> Lu>xe ojL^ f bVl l£Uj ^ 

OjI^ L$j? ^jJl LT k: i(dJjOJ1 2LxoU>) 4_lu--wV| 41*^1 ^ jjjJa J *j 

j^uuj <1829fUJI ju*<L£pJ1 a JV ,-tl JU 'a -A\ JM S-, , ..t o1j4jVj 

IjljI^L* IjJii» (J — S_>u CjIJu ( _ ? aJ1j ts i>>t i jjl iLJI Cj^LjjJ ^jja |^j >. 

^ Sai-Vl <J^>Ui Su^ljJt uJLl fjs> SluiVI ^ 

.(JLa-uJI ^3 4ufltl 4jj1 inn'fll <tjjj*J,l 5jjjJo IjJ-fl^? I J *_Jil>Jl jb^jVl 

*• ****** 

4j1Lq uuVl oLLuJI i<jlJ j 1 tti,\tQa (J^tJ Llu^ ^ ^'J t 1904 

4j5j it->*i!l cjLjl^LjJJ I uif (JjuJI (Jj^ cjI jJ ui < j-uj4j>. 5 jJL (3 «jt_ua]| 

jju£ Jl>. ojl— ( 1909 fLjtlt Ljj>uo ^ oljJiL 2L_mLv ijr Js> 

<jl^ 4j| JLu <Sj — j». SjlSLa 4 uiJul ^jl ^'"j*J^**N J J 4£.lJa!L_wiL <jL£ 

JU)--» (jJI 3 — ^L>. ^ (JjJ\j 4j3 jJj — II ojJj JL£.I ujJ (j! Jjj 

(j! ^ <_3JL^JI \jJt (^-l^jcTJ 3 L JaJ^f ^Ijj .(jrtJjJllil jjrj «JLl^JLl 

5jjia-J1 ^L^-till I <>ij? (jj/jj jjjj t LSLuLSLjIl ^lUTu J t" Al . < j J ajjjdlLj J^uu 

IjuJui LaUl&l (JJbl ijl mi U I JUA £A Ld! uijI j «La O^j ^ <J^Jj .i^ULaJl j 

jjl Jti\ 4la*U! (^Ujj J< „n JJL* ( * } Jj^Ja C^^J cilJj JUUJ .^UL 
(jla^Vl t_*?ljSJ S^ jtlU ^LU,I O^L>- L-Luajj ^^usLj jr\j-*j «IjI JLseILtu! L^i£ 

,1911^1^ 

^^lail ub){-> '"AP 1 j-j^ 1 lj-*> .Durch Ferne Welten und Zeiten jJiil (*} 
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Sjl jaJI 0l>jJ Ufctk: <jj£) (j* Cr^J Cr-^' ^jijSJI ^ J - ^"^J 

<j! ^1 fUiljJLl o-oJj i^JUiJt 3j!jjkJ1 ciU,.* LU J^2jj 

Uj£ 4iU>VI *JlA cJl^J <3 ^L^i 4jjJ Cjj^IjJ j£j <?->3— 4^- 

~<&ycl\ J»UiVl ^ cjIj jr.H cbjj^ t-jl—uo. (1904 ^ UI) 
^jVl ^oSjj (eccentricity) j£jX\ ^bi.L» 4-^>UJI 4j_^L^Vl 
ilu, o±±* ^ J* ( tilt ) «J** (precession) 

. sjS^ J^jlJI I JLA 4Jua JjjJLLdulj t Cn>ix i 

^ <e ^lij. ( *^ 0 ^jJtJl c >u^aJI 4jult ^ 3 1^m ^^^^1 

L^JU^J V 4*.jJ 4W Ul<t (tjLiil ±^ ur* OjJAxa CjLtl^>Jl 

4jV>UJ ^ 4__jw 4luaJI ibbtjVl j "i^H L tf fcuu q\ ^Lkll 4_il 
4JLu,l,, ^ 4iU Jjl Cx*Jjbi <jt 1912 f UJI ^ djJ_^j . <*Jj1j 4-Jo.ji3 

J^>J1) j^ilaj^j (jL-^J^b W>^J L-^jLiL c^Uj .(jL_iLJt ^j>^ 
sLuU*ii oLLaJi * jla ^Ji JU^UL. ^ .aiijJi *>*^ v*- <-*^ oi&3 (*) 
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ULU U>UL *^LiJI ^ <_aM^VI «.„....uj . 1913 f UJI J& 3 

jULJI t> OLI jlau^l 

JJI > JL^I , 1914 f UJI ^JjVl 3LJIUJI *_j ^1 ^ r.o^,»! 
r* UJI jjjjj 18 ^ juLuI ip <_3 3_L<_u3_l!! urO^ 0 iB^i uM- -^Uijij^ 

2LJtU)1 i_jj^>JI ojJjuI UjlLcj .jp^UI ^UiaVLi J^usj L^jLd 

<j&J .<-J^>. j-i — <-u! j^Jj J>>OJ '(J^l ui^JLlt (JjJfeAt cA^' W 5 * — 

4-uLi-aJ*Jl <4jUUc i£jAJ (jtj tC*A4uljl^J (^yjS (j.'a-LtJtj GjLULuJI <U C+aLAMij 

^ ont>ro LL£ 1920 r UJI ^ j—^ j . j^jVl cj! y, ,„\\ J>U 

(J,»"t , Julj ((jllauJI £. — wjIj Lujvjj cjIHSLI! <_^jLu3j ,^jijJLIj Sj-AjJlj (jlsjVl 

jaij ^LiJ' £*\ >ntUl jSJj e^LiJ JiJ-a er^ V^JI 

il>ljL>.V i_3 L£ jJfcj ^^1^ ^Lfl^fc-fl (J^J^ cLa^l&k ^^i^. Ala^UJI 3jIjj>J1 4_l<j5 

Aj^LLUt cjL^LdjVI jjJj lJi ^ ^ii] 3juJl>. 4_i — uijjj O^j^ f^^J 

^ Jj t^Li — *UI ^ SjIjaJI 2U.jj < jJijJ ^a^il (jt tiJj-ilj .(jlsj^l ^Luo ^ — £ 

(^JU titi! S^5J( ' u ^jji*. ^jjs |_^oL>. (JS! ifuj^Lij (jl^) LJjlII (jisjjtJI 
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i*» fcjU 



^JLui (^^lll 4_l<^ j-A (J(JjjJ) (jlj . *Li tiJI J-lj-II uij 

SjjLJl < rtjtotl Jj (jli I J $lj .«-JiJjuaJI (Jjua^ (j^J-* <J 4 

i3j^_JI 3 Ju Jllu ^Ij loJI Jlj Cl< i-u-l!^ t J_lL>J1 JJ ' -"^ p ^l"^t I 

. Lu — t*Li <UjlL*_o pLj ilu <Jj <^<tj £^IL23 S^jLjJI ( iij/^tl (Jjjuafl (jl <jj8 ^tC.^J1 

< _ r ^!lj1j Cil-v- 4Jl« cklf 80 jJU L j_L>-Vl „LtljJI 1 jli, 

Sj-aUoJI oJUfc (jiljijSjMj-» (J^J^J * ^ " 15 - <_sVT 10 jjrj j Ia 

(je>jX- Jojlaiw j_ps>jVl Sjlj^. CjL>-j J CjLIjLj Luu>j ijj <^>a*lTLj 

4Ajuoj ^SUj La ^yic Jjua^-j <i 1» ^->-J-> 65j <^>.jJ 60j '^->-JP 55) 

^^aisUI (jjS ^mi» jjijj&j UVJ^ (J^** (j-o jlS^Vl *JLA 

(JjtUfst JuJL > JI jjjusjlI ^^Ifltl ^!i^-4jiJI £)t BjJlflJ IjLj «j_y*.^Jjo>Jl 

(^-6 L^jj! (Jjusjj ^jLu 1930 ^L*J1 i _ r 3 < jil^^^^Lj_4 ^-<faJ J . 4JL4I <fu 

(jiaj-C JL>jJLo>> 4_ul_4J 3jJLl d JlA ^j^ieJj < n>JI CjLiLoJtJl ^jjG Juj_4 <J^L>. 

4tiUt,l ^ ji^4_jf j^JlJL j-jJl>.j .5j1j^>J| CjI — >.jj ^ Cjljjt'ill tfj A 

(Canon of insolation « j jl->Jl j-l^ 3K, ^ ^jVl ^ic SJa^l ,,.tl 
L^>Lui^jj 2LuUVl o! jill c^Li^l Ui^j and the Ice Age Problem) 

^ dilij (l^JI t_>ja-aJI c<4i>>j ^yJjVl <LJLLlII t_ij^>J( <_<rt,f o t uj ^^lll) 

4j| jj-*aJI ^ l^P — "J'j ^ILIK j^j i<jiu^j£iMj-« j>^j ' 1941 ^UJI 
J*iJL l^jj^^lj^l^j^ 4jL&j J>Lb.Vl3>& JMi4Sj J^JjLS^u 
^yitjj 4jjLj> jl£,L2j 3j — juljj 1 1952 ^UJI Lj^-us ^ |»j UJI 

4j*Ojxj Jl2^ 4jL3j Juu jjSJ * 1958 ^L»JI — ujjJ 12 ^ (jSuj^jSj^Lw 
j^I JuJuv ^^]^t>. (J^^ j^Jo (_u,i.«u 3^^-^^ ct^ **-J i _ y Ia^>- ^jJI JLutlJI 

.(juju jl^ ^1 jjlc. JIJjV 0^ uli) M,u^3 
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E lai ji^ ouyai i^iaj aa oli * Lio! j? LuA 

^LaJt !U>^j| 5^ j) 4a_^JL JL>Jt ^ .^Ull 2LJT 
J~~iJ J^f cjLLf ^Ijj J^i. ^ u SjS^tl jLp^VI 

J^b udJjj t ^ jLp. ^ jjJlJ ; ^ ^ ^jj! ^ ^ u ^ 

4ija>. oLja: cryiJ^tl^ oU^]| ^ juj^ <L ^f 

ltUSj 'cr-^'j ^L^VI JoL^I ^ 1^» ^ (j^ 

I j^j .iibiai j^*JI ^ cj^J^j cj^aj)! oLSKJI ^ ^ ^I^Vl 
><i> o^ La < ^ ^ , < .> (> kT jl^ ti| jlu=,V| ^ ^ r .^ l 

V^j^^^jjj^^^^^^^^i ^u^viaja^ 
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1*11 feju 

juu dUij i ( * ) 1967 f UJI (Science) «p-JWI» JAili 
<_kik Iaa ^? *«ol — £W» j — ^ c^j 13 o* l^J^ ^ 

<>a ^1 o! j-Jl1J1 dj^J 4-u.i.l .„^Tl JuJ^- jVl bU : Lo^vaJ 

l^LuaJ La 4_lc£ (j—C Jlj uA\ p$X\ j-tC <>« ^nni t 4 nUnt l (jloLili L? — II 

^jSJj .jL*_lII JuU. Oi— ^ t 1 ^ O 33 ' JJI *UI (j! 'O "* '"N *>^» O* 

jlii *2UijLill SbJul^JI Ltf < h ,t.<1 Ufj 

jrU>U C^Ll* ^1 J^iJ 4±^Ls J^L^i. U ^jK jt 5j£ll ^^-i^au 

Jj^<UJL3eO^I ^jJt 1' liUrt,,,! La |j[ ^EpOCh Ij-uaii Sj^JI aJU* 

cdLuk jtf liUi JIS* .Jjkl <>aj ^jJL o^j M^U^ 4Jul I mA.M j 
^^Ut ^ SLu^ ^^.JLa 20 joi.J ^ oJI j Jce Epoch ^juI^ j-*^ 
jjei j_Lo I ju* juL>JI j-^j^IjiPermianEra^aj^l j^jJI JM-^i. 

^jiwlj S ^Ila OV <— '^^^ I JlA JlLo^j — ujjajj . 4J — <_u (j^o-iL» 250 

JaVl ^ j\) <ul :Oi>«^ c^l ^ ^Jdi *o>^^ ^J* 

(#) I. J. D. Hags, J. Imbrie L N.J. Shachleton, jVariations in the earth>s orbit: pacemakes 
of the ice Ages", Science, volume 194, pp. 112-1132, 1967. 
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4jU*J1 aX$l Uj!j Vila ^jJt ^ji^JI • -U^tl 3^12 JX*jj 

iJi^Lolo ^jtj jjIj ^jJtj jj^. «lij ^1 ^nWill (—.a 

« .«j " ' j ) (Permian Ice Epoch) Lr ^ A j^Ji juL>JI j *L£i| ,t v 
a^l jJI *UXI ^1 2Lul5 3 Jj>LJI 4jjUJI I 

4j — uu jrU^Ls 10 jJtj .lio Cj^Lc *4J — t* ^j^Jji 55 J-La 4__l3bJjJj 
i] . Sj-u^aj ^ (Ji — <i£-j (^fj Ijab j t JlsJj o3j ^ Sj^JI ^ <3 

ciLii SjjuUJI jl^lVl j ^j-L>JI <<f Ustl c, U. A K-pSjbM Ulu 

Voj ^jf J^^Ujji. £,f j^jJL jjJLrw . JuL>JI ^ <LlIL>. t ^1 - * 

OJpJ • WjJJ^ (>• ^>^l ^JUAJ! <aklLI j 4^U=uj-iJI jj^JI ^Jlj £ul^ 

^Jw ^yk. ^jVl (jl^ JlSJj .M^IjJI oLcUj^U 5 j ,..L,.^t | 

3j>oL1 4j-uJLv ijr^il^aJI M^ Lr Uju < , - ( t4i^b ^ 3jup a_JL>. 
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.dLJUj 2|_4jijLJL J^LjuJ 5^jL*La 3 — ^tjJt». *±j1jl>J 4_£j_<ux_« j — c 

^ 7rA\ <L>»j ^^lc L4I4 J£ * "■ 1 j <ULal£ Ji-lLv jjjuaA 4j^UltJi 4J — ulLu 
) .j 1 1" J* a t 'a _\ f l a j^ia j i^^flj J£ jru Jj-aibj i4J — tducJtJtlOO 

(Interglacial) <jj-1>J1 j^^ulJI jru La ol jZs 3 U .. . U j ^jjJI U 

. 0 Vf/Aj£j^Lj<t L^btJ CjLcLSjVI cruj Ulu — <-u_ujJI Jahili 
jjjuaC i_^L*jJJ . (jj C.j V I J uiljjaJl jjliiu (jry»JL*j — uiA (j^L* — iVI 

L&M_4J pl^ . 4 ; i ti o^Aa 3.6 <>» >&T spja J}U. aju* jl- jJ^M 
(Great Valley drift) f^J^*]! t-a >>JI u^^lj ^ 6iA^ ^ 

^Uj_5JI ^ 3!bj^ JK ,U j^lb ^j! (^jJIj -(Hominid) 
( J_J jJI a^II Ijuk jJ^Li. SLaLSJI ' " * a (j <ij (jLuijVlj 4 j i ui 

„llj ^ a js^Vi llji sj ^sji ^ ajj-AJi jl^i jyj^] (*) 

«AjlijjJI itLJI» Llsjyj ^jJlj il^La JSJ ((i;jt>iJI (jiwLsJt) « tli» U Sjj^Lj» cjL*LS 

(jr^j^i. (j^a. J La L* Jij .(^jj-iuJI ^ LjjL^ -iJ^j "(Molecular clock) 
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^ C^LH*' (i>^' (jL^yt ^ I JUJL>CS jja* La (jrJ-AJ ^ UZjju 

4iLfl ,(J3UI1 OL^VI) Q . . ;n l ,» jajA ^1 jrjj^L* Sbujf j! 4^X5 

^jA*. tljj*. J>U<Gt ioJj,Li*J| (jl^Jl is^k^ L;r _fl 

<>»J 'J- 1 ** 1 J^ej >*J' (»JjlL* ^ul^ Sjj^tJI Sjujui CiUa^pJLt tjjSj 
cofj t (L£}LU jo^fl cjLUJI olSL- juiJI oLuM £ru JL^LJU SjL) 

^k, aA£ V L> ^1 j^uu oj^ j-o^l t^yi o^i .SajJL*Jl sLpJl 

. LL£j J^Vl J^JI o&u, jjs 4_^UI (O^k- u'rtS^J g>ij?«jMi j^jVl 

V^VI jj^J* ^ j^l 2uUc jy± SLpJI jl^^ I^^^VM^J 
I^Uj IjJL-LGj ( L^U^ ^1 ^1 2blill <> 3^1 A" ,„VI 3^ — ;M 

4jJULflj *L^jJ1 ^L-t ^ cxx5tiil cJ^j <(ratcheting effect) 4LLluJlj 
l^ij a^UJI Ij^U UUJ ^Vl ^hIJ! »LAl oVM- 

a^jt jT Tjl» ^ jJI ^LUI JLa—^UI ^ c^yi t^ljUI ^j-i 

•Cr^J^- (i^'jJ ±J*** '5JL_ u UrtJ>U <juj? j? jrU U juw» Luajf 
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1*11 fcju 



oUUtflj «>jVl j-LJLa J* cjjSI JjS\j < Selili oljjjiJ 
s^LuwU! j (3-i.r.U Oi^ 5 ^UJl oIjjjJ! j^ai3 ^1) 4-ujUJIj 

J Uli ^ ,Lp£| ^Uj ^SU (V^jVl 4, „n U liUt 

- uii>'-> ^ l? — ^ 

U J*fcs l>^*3j cr^^ j^ 1 ^ JUiL ^ j_JI 

Ig.,,.,.^') (ju^Vl C^l£ (PJlj L&tia jl — ^ J- . ' "'t ! <>a 

5 j <iU« TjLi U I JlAj .jJLJI (jj} u-^JtH 3 j-k" Ui^ 1 <r^' 

LaL»j O ^jC. < _ ;r lJI ^ZuljSJI 4j^Jkj dil jLseli-tjj! £_a ij-Ac ^uLlll (jjJiJI 4jL$j 

.cjLjIwJLI J£ Cr l £ - f^L^' ^kh^' jh^j ^ijjia 



si® 
liiii 



■ 



13 



fll 



C^ 1 (^L> b ^cit^l ClTjLj 

^ *L^J| ud^L^ j^^j 6 f ^tj! H , f 
~ t H o* ij-^ c^s» 



JL3* 



S 

mm 
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£jLJJtj JiUl 2LuM 5>-^ AD^? 1 

j± ^ ^Jj) Jib ik2* Uoiii. >U t .M l ^ *\2f*\ 

OJ^ IfrajV. ,,.t oLk^l o-^ W ^ ^ ' " 

^ UI (1879 - 1814) j i ,,.,r o^u^ ^UVl .(4-4^» 
. ^1 ciI /mm . ^ 6# t> ^b^' 

^ jjj. I*) ^1 Cil-atj tl j o^L^I J — "J '* W ^ 

V> ^L £>JU ^1 J^jS -c^^ 1 ft W 6^ 

1 3 ...r. ^yb 3lWj UUj>3 cryfcL^l olj Sjii o^f ur— 

JL^il j^j . jlLJI *!j^L» C L^XI ^ cjUbUTSM oli Sj>1j_J1 
^1 j >L« c^ujJI Jaii du> C*^ 1 ^ * L ^ JI 

.^SII cj^iVl .(^-SIj J*^ fci>S3 <A L^ut^-^l ^Ij-^II 

*\y>.l a,, u, ^ L^lj i.^itl V *^>l« 5 f t ;< ^ 
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2U».>tl 2U>Ual* 2bb£Vt j 2Uaj^tl 2Ls^Vl 

1801) jIS^Ij (j-u^J^v g-l Wlm l jsuiiiL oLlu u, ^ 

UJ^ 0^ <0>? ^Jt^jLteJ *L)_la]| 0 — b J-L^ T ua jti <-u| jjfcj .(1868 - 

OJ-aLIj ^ jJI £-AjJ1 4 a : laJq <\^-if (—jjLjtllt ^j-c 4\,,i\iu ij^>4j .jLuuulL 

1824) l^jjjja o^A^ O^i '(uj? j'N VL^^ Lp-jJjJSo Laj-a^ ^ 
JuU^ilSj^ Jj^ I^J^ jl^T jl^Mj jl^I t (1914- 

1850) (jrGjL jj^i: £rL>.jjt [jjb j^Juj 5 -i j ^" i-i^ oljLuua JJLjj 1 i j*A 
^ja^ j^^^oL-^J^A^^t^T J— 4JU jl^^jJI ,(1930 - 
oJJt ^ JjMSJI jT SjUt^U 4« ^ mi! Jilat ^jJt jjk j} 

(jl O^Uj al* <j? (j^jj . 1876 ^UJI Cy _3 SLa^Ajlil CjI jl ...n 

CiVUdU JjuL c^jj*Jj Ltfjfj (4j > *-oljtx ^ ^JljJulII J!lo) V>Ua 
v i ^.U iljU^o S j.fMU LLLaj^-^ oL*. 3^ L^jT <jl» <Gt Jlu t3j . .i^LLlUI 

d**^ «a^Vl» J >K ,% okiAjJ^l ' - *~< \ « 1886 ^LJI 
4*^!» ^1 L^UjlLtg id^yi ^J^c^ l^jiir-. ...joI^^I ££>£U1 

^ (j I O^' *-i»jJuj .lj^SUI dli^J ^yjLlVl jtiLa^usJLI £y» ,U" ,,.t,l 

^JmjI Ciljj i4JL* — «iJl oljjjV CjIjLcu^s {^jJb ifu^U 

^jJu^f 1871 ^Lt)l ^Jj Jj_^5j^L>3^ juL«4:f ^ajL^j^j 
JjjlJia JdL^°jL^ pL_j^S3I (j^JuL^a L^jj£ <i*JfcJ 4_jSJUtl <Lul^>J| 

U»j « j » ^k^JL! su^fuVl D ! 1^ ^piij t ( 1 883 - 1 828) ^jl^ 
^jS^L. 5^UJI s^All ^ (1919 - 1832) ja^Jj OaZUlj 

.1871 »236^ i 19 jO*JLI t 2LSHI 2Lj***Jl ol i « K j^Ls«(#) 
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jj£ 2Lj^ic 3Ll>- (jiLc .JLmf c^>-jj LLa^p" J^ju t_il ^ ^Lilo j — 

I ju^L^ ^ t 1855j 1854 uj-^UJI J>L^ j> J> i_^! <ya c-LjKjIj 
1855 (j—MiljjJI ^L*J1 J>U- ^jiLH ><-- um i o i ^jl! «iLuuSJl ^ 
J Ms- JiSu 4jjI ^ UsK VU iijj ^^-^ * 1856 - 



tiJLJj^ Uj) (J-u$5>^CjLc»UIaI CJJJ — «J . 1906 ^Uil ^^L* 1 — Ajj^>u 

^ 4_i (j^sLiJI *j__>JI <_L>Ji3 J j Ulu i_aj — uj Lu I j^-ii. («Lp^jij-II 4 — 



j>Jl 5. „Utl ^ ,1j U uiL>- DLfcjJ ^JL2j o' J-^^l 

^ J . — .t VJ: \SH Jil j ^juJLI Cross 

Li 4j1 L* v 1 V>j ^ ( 3 - ^ V) 4jsJj>. - 1». , »j 3j jt ( j 1 1 ^ t 4i^C I i^jl J-uo_9J 
. L»i.j L^jlai cJUs- oj^ 2 cr 1 ** JJ"^ ^* JL ^ — ^1 ^hH*Li J*j*j (ji 

ojSKJI p^.n^tl j, M.A-tl ^ ^IjLi U 1879 r LtJ( J>^j 

^ ^ 3 nlrVl ^JlI JUa«U jjMirtltl jJfc Ijuk L» (j^J — 

tjj2l\ oLtiuUj ^ ^ <A <^1Ij :! — xiUf ^ Luo j«^>^ t4_ujjjVl 
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<±j*. ijuk <jVi ufl a« aVi ^ <j ^ cr -_^sJi 

j* — — Aj O J^bj *(CiL)^SJ^I £-a cJjwlajj r. nb jU, LLoj 

. 3 j ,,mU U ^j L> ^SJI 3^jJU Jl£At ^ JiA iLuiVt 0 t 2 ^ ^dJjj a^ai 

ol jnt«>M ^ Vj Lul^J (_a<3jJU fy in> («uj ^ 
<_>»i£j 3jlA? L-a l A" t£l 4j5talj Lu)^ Ijii — Aji ^Ij^uiJI «tUic <jt | j_Ia^ 

«jj£> V jijjI^JI 4*_aT 1894 ^ UJI ^ J^jJL ^^j 

*cr*- Ots» ^ uhU I^ jj^SJI ^LuiVI JlSLiT <> J£A j >^ 

^ JM-" 0-« LhH^ Uaj? 3_c j — <_uj <-djj*jj L^jf lj" 1>.,.) I ^ fjj . - *y . 

J1S^_A? J£ Jj^S c^Jl Jdj — "£L« oVjU* ^jai <j? lSj^j) 

f Uli Jjl*JJ .(^j—JaJI ^j^aJljT^^ uj-lLLjLrtJ^t ^U_^VI 

3-b^_A ^l£JI Jrf^l _>1 jiaLj Cijul^j 1897 

J^AJI <> *Lu2i]| tfjJI) 1895 f UJI J* Oljaj ^Ij.l^ 

^.l^lf-^stjj i» — AVl <jt ^>>«! <^jl^u^_^aCi*Li^j! »o(10 

^ Uj m . >H «>» JJ3.J J^l y mmUUUI J Uli J*i_> jrJ—^UJI 

^JLm £jb tUirTt <jrjj>. .SjjISJI 2uA? <jt l1Uj£ (j-uj , 4jjse_A11 

(-jjL^j^^ 1897^Uil Cj i)( Xrj.ajjii.iii UjjfcA^^jiil je-ti-su 
a,rt fc jfaa 1 — <m£ < n ,v;<j j? ^jjj .e/m l ^ih < ^ ... r t f 
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L^uf o>"^>3 o-^J • e / m aM1 er^l ujLH^y 1 J* ^ , "^ JI ^ 

e/m (o^K ^ j>i «u— I ^jJI oj-^j 2 43 ^ sf^ 1 ) 

JUl* ^tb 4_JjUil ^j^Vl 0x^5^1 ^ — J (j nnU LU* JU^» 

■ M ^"< V (^ju ^ . (jl >uhJI UUJ ^££1 ti^*j 'c? mmU Li^ 
4j1juJ1 jua <bV dUi ojulU la*] U ..ifl't 4-»-i2)l <jM U^ij J-^e ^ 

4_l*_^ tilJI) ur^JjJL^iJ SL^ISUI 4*,uiiL> LijLU <4uk. J^>. tfjJl 

ATS jt Uj ^ t(SJLp.J ^^JL^ LT^JJ^ 1 ol W t)^' 

<j"U U ^JllJjJ j! JjL>- 5jbtAJI jl jt t la* S J- U « r-> ^yim ^-U-i^JI 

U <U ...3« SjUU <JU <>l >&l oi J^J »1897 

dbl Sj^UlaU I j£ J^j (-b^ ^ ^ Cr^» 

r Li ^Vl ^Vl 1897 r UJ1 I^J^^ ^jJt 

SLu^Jt AH o-L^ ^ J 2 ^ Ujl^ ,1899 f UJI J* 

a\j ~ 2Li^j ^1 ^2 JLi ir.io" At 2Li23 L»^" L^jI^ 

^t>* Ui- «-^i 3 c^ 1 '"^ 

. Bragg and Porter j^j fA^ J^fc! (*) 

.Recollections and Reflection «o^Laljj ^W^^ 9 'Ol^J 3 •lt?' (**) 



218 



J-J-A-coJ^ 18 (jy ^ j " mi mm La «^J^ ijJjJk ^Lu (flu ^yfl -2»j4>* U J ■ ^j *** 

LajjjtA ^t_i_t^>l «uSJj itjjz*- 1 ?! jjj^v jljjulIII ^ i i.l J-*»-j . 1856 ^LJI 

LaJUCj «(.^-^ -t^v 4-« ^ ^rJjVl l^j^-^L LJI uu JlU 

>W Cr^ 2 — ^J^II 4^1 J.S ^& £j «i J-**J1 (>» Sj 4ju»I jl\ 

L^a ^ Ui^ l iJLa 4JijLl> — « 5j uiVl JULl* L» i^j-UaLc Juu 

j£olj . L^J — _J jjj 4_» — 4j*JLa (jyic <U>*-a*. ^1 IjJaj Ctlj i^bjJI j 

cp^j * 1880 fUJl ^ oL^Lpi ^ i,gfl ^ ^j^j »1876 ^L*J1 ^ 

<-^>*J '.(jSiJju^l^J^jua ^ 1880 ^ UJI jJla J^jJI ^ ""ajJ j 

e^a^UJI ^K) 1884^1^^^^^^^.^ 
Jkj (jSL^!>U. <ya *UJ| 4JSJj uj— ^J 2 f W*j c^l 4-^* 

fJLt Jjf <jT JUU Jl ft" . J LaJUA «1919 f.UJ1 ^yl^ IjUb 4 nn'ui 

4 j « > 4 (Jloj t £ _pJu - p 4jmL>> (j^iJJj > «ala * * 

43l3Ui| ^) Jj^i 5>5U. ^ J^.j . 1940 0 uU ,„rf 30 ^ -uUI 
c> t>«jLfl ^ ^ 1906 r UJI ^ (oUj^yi JU* ^ 

. 1908 r LJ1 

jaJtcu ^ L. (jkj— • 1899 347 y* .48 aL*- a^A , M utl 31*11» —j> >cr * (#) 
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^ p\ L^l 4j jJ j *(e/m 4±£j1 V--^ C^i ujlP^V 1 

j^T (j| Jjli cjt UJj «p j'nt" m i a ^ J*LH 

<jt lJSjj^ (jt <jJ>^*JI jJla^J <J>^ Lt^ 

U t< OM.nU L., njj I J — iSijuoj ULw U^a tjjJ ' " ^ f O^J . Jj$j 

j£ jJL j-^ Jl* j .>*T U ^ L?—* UJL>^ ' La>*^ ^ Oli L? — 
^ jijJUju <— >L m* SjLc 1 ^JLlJI (j, — ^ ^ olh<tl 1— iLal — ifuj^VI ij] 

LJLi J1j.iV 4jjjJ1 ^L-jj-iiJI ^ M,L juu U*^ *La>x. t^JiJI fU*J1 
^.^ ; tt ^Ut Sjoo* Xji m, Lo.^J^iJ1 c^t^ t Lui Djo* 
SUJ Sj^I^JI oUaLi^VI dd> ^jjiiJl Jib A<"n .Vtj 

.^j^l <Lal mm^I J2rw ^j^. c_iLxAll jUj; ^ 
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c^jL^j 4 1845 ^Ull 27 LuUt ^ u^_l1J j& Ch^jj oJj 
a^Uj ^Lj^iiiJ IM^J J^u ^ ^JLcJI ^U^JJi £xiX1 ^jul^iJI Jj^I 

(_r^ J^-*ll (jrlc J-iLs JU>. ^JLc 4jL ^-c^J . 1888 ^.LtJI ^ ^XWJJJ 

Sj_t4la 4^uaj (j\ (l^J 4jjU ^-Skisj SjujLC CjVL_^c_4 

^ <jr i„> u h >^ JI ^ (j^iHj Jij U_Luj i 1 895 jM^b^j ^ (3^-5 J .4j2LuoL>. 

JfU (Lt>.^J j*X"H jtjj «:Lq_<-uLj ASjjjjw «LaJLiseJU CjLftj-4J-alII C*jL£) £>ail 
££jL* Ly lc „U"»" l^r-Lo-r». e^Ll£ (jjj i ( ju4-_£jj£ t-tjjljlj <<_ajjjjjk t-u—uUl 
^^ic IjUljuft ojLiJ V_jLl£i (jyi 1 1894 ^UJI .(Sjl^Ij Su^L^I 

4^^» ^Lli-o — uu <jf jjjISJI <jt ( jj j-la La)^! 

l * M<< i '* *ot. * . u .<u » JI <jl 1 jJaj Sjj^-JaJL «4juiVl» j T 

Cp^ OjJ^e f*4^ mU j) L*^LftJ cr^ ^M- 1 fcUjJJ <jt *(j^>iAA 

l£>" JjJJ JaI^JL u W* a £jJk* eJ>^W J— *JU 4juLU1 ^—^ (jl^j 
Cr^* 'UJ>jj^( Jib *J-tiiJl cdJjb (JlJLgj <J J .(JjjSj Jj tu! 

Barium ^jjjLII jujLi — ^jJjj^Lj ij^jua 5 iLi ^) t- ^-i M J 

f I jJkcal ju£. cui^j^LiJ) Jlo LUtia ^Ai ^ jJl 4 Platinocyanide 
(jHI 9 — liLAJI ojla c^AJjjj Jjwtj — <j<I * 1895 ^LiJI jj^i^j 8 .<u 

Wurzburg Physikalisch- «LaLi^l ^ 4\jj ( jjLu jL) ^jjj ^dJ j 
^LJI jjLy ^ Laj^Ij ^<uj j t* mu 28 ^jj Medizinische Geselischaft 
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^Ij <£L_^I ^ ^jf) Jlklj . 1896 

ULoaI aLfL^VI jfctj .o^jd ^u^L SuiUVL» djj^Hl ^JUJI 

ju^JI Ji.b ^41 iLlill Sjal U^t ^ 5^ M L-V Ij^ 

Jjl ^ c^X> J-^jU * t**^ J^— ^ (^^J «M' 

2LU^1* ^L_^VL» SL^UJIct^JI aSjjobj— 1896 jjLu 

<>£. SJLp^l **LJi 43 ju^L*^ 6*^JJ ^ Cr^' t^jJl f ^ 

«jl juk u^i <o^l 6i>^< Ltti*» * 1896 ^jU ^ cy^jj 

^ jmuJI 4j JQ-Ij . 1900 r LJ1 ^ fciji* *~>W *W>^ ttL— 1 

Jjl ^ «dj^ ^ jfcttl (;r 4*Jt ^l^ui 4J « 1923 10 
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I jJ) c_j^xiSLl c^L^jJI jIjljJL jjSKJI 3 1 ,M <^ 

^9 j — lilljj (L^La^o ^jylll 4^Ua]l jJLuajo jt JuJ (J^iaLc. j ui 2Uj (jSu 

<-ajjeJj V_a ut^ljjijjj-aJI» 4_jjjjuaJl Ajjjjj-aiJI .iljll ^ jjjjj -3 ^ S" . „ 

— lit £-Uj ^<sJ (JLA^I JLu.CjUj — un* ^1 ClUyi C^jLS' I j} 1 a CjIjJ uj 

a*j jf J-a£. ^J^s ^k. cr^- L^a1jLitl_^| /yj « jub qj£\ 

jIjT (>4 Lfciki S-<JpJ 1 — Oi ^ >JI L3 JLc) CiUntl'ill Jl -fra ^ 1 1 

Jiii VI ^ U ibuM j! bt^lj 1910 ^UJI juu lL^ 

Jjlojj-a j-ua^f Jl^Iol C)l j 4_LL.u.JoLuua J[>^ 3^0 Jl£LjJ ^ 

(J*i)Li l^jfj ,„rt(j .Jl ^f.y^l\^A JuL^Ij JjJ^jJLI f.J^I 
t^j-LA 4j f Lfl ^pt-uaJI C1l3jJ1 ^ grj^i^tl jlCtl Jls.1 ^l^: LdLlA ^ >I 

a^ljj, ^ l jlSIj <j£ (1878 - 1788) ol>^l jl>. . 

j^^tojjuill < ii>'l l ^ <b ^Lj^tAiJ Cr) — £ju 1838 ^LJI ^ 

.(1891 - 1820) jL^^t-jjo-^t ^ij. 0< nUtl ^LULI 
g^jli cj! jjL - Phosphorescent Solids ^A^^JI ^i^yi <^1j 
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J^j .pLj^Ij f UiAVL 4jju1^I s^-Vl ^ (1908 - 1852) 
ju^of s^j juuj . 1888 r LJI ^ ^1 *b>*^ ^ 

& ^jJI .Li»UI ^ ^Lij^U litL—T i^Ia 1891 

.(1953 - 1878) ^Jb* ojj^ <^ 'tij-^ j-^j.^u^»^ 
Ju* <Ji*HL ^bj^Jt c^--^ Jk-iu ^Jj i^Vl >k lit^-t ^il! 

^bLJLw^^^jL^j,4^1icj l—iujj (-lsJj 1948 fL*JI ^q^>- 

lLH £j 2uuM ^ s^l *LuVl J^L£ cdLiA < 1896 f LJ1 jA± 20 

** , 
^ 4i**3j ^U.JJb jjj&i! 2Uuil cl^p. ojSKJI 

. ^Jl>. j»Lf JuLa 

^! Sbj^^l j-^UVl (>» jJo ^1 
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ifctaS^aj .^jl^I 4£^Jjj^u J — c! 1896 jjftjj*. ^jU^ f» b~^3 
^5>J .(^JajLua 4j^>o »b»>j t «L> 1 JuaLi Ijlj^ ^! 3j£j liDi I j} L_a 

JjjSLu 4j>oI La (jLcj uj 4jli^V ^ '-^ ' ^ ' 4_i wl ^LJaJI ^ 

4jf Jj Vj <jju^| 4ju!u| (Jji_lI 4jI (j-bu L4J t^^jjij^LtiJLl JtaJLl <J-»-dJ u-fl^stli 
4_i ^^i^i S^^UaU (<^<iltt j tt (j^b * ^* <Jlil <ij f £yi Jju 

Jj^ SjjU* Jdj^h 1 («^1 a-dA ^ dZjj£j-£H3 l^j^ 

tyi g j ii ij ajj (jj^j inljr , i Lj>Sj 4 mrt'i CiSjJI 3jjJb <l unit i_aLuijSVI I Jui ,32*. (#) 
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. 191 1 f UJI ^LuwSJI « 1903 f U)! ebj-uill - 4 ,„flt J**)l JL, 
(jlS^j 1 1867 ^IaJI ^jI uJt j CijS^ 

Ci3jLu3j t4 oiiiftU IJjJjj L uijj U>>» Lili Jli3j CjjL£ <_yIlJI 4rtt-iiU 

jltf gjitiJl Jji UU* J1>js¥ cJUj . 1891 f UJI u^jj-"^ 
jjL« 15 ^ j^JjJHj i m iV>tl (j— j I ((1895 ^L*JI L^j^jj) <Sj^j ii) 



,-,n,V,<l ^ - 1898 UI fibr ^U^l Jjl ^jU .-^^ 

(jjJI ^.L>JI Pitchblende juL «SiiJt ^jj j! 
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<Ui^ Ullof Luk^l ,0d>-^ J-^AJL U_^l JU^ J^juuj.^ 

<J\ 4j^L^ 4^ U I 4^\j^> 4^j) Polonium «^^.tl», ^ ...j 
e^-^ 1902 u-jL* c^- lU*J1 j-w-^Ij .Radium «^jI jJI» 

j^Ub ^j^j . ^Vl J^l SJ^JU ^ 4ob aU> ^jJ1 * .-r, r uji 
o! <^ - rJs pljJI ^ jAjdl ^| jjft 6 f 

t» v JjUa ^f-ju^i ^ 0 {jn\ ^ , u . ^ 

Ol U c>SJj 3^ J^JI cJ>Ll£Vl Jivj t4 ^ii ^1jJt 

^UUJ ^ \jL*j ^| t li^Vl «> ^ JT tJ _^ 
cJj Ua^ ( >L2i 1906 ^19^ ^ u ^ 

CHV- « . .. , , n l^iilj UjLir: 1 1934 jJjj ^ ^IjJI ^ 

^1 u^ii-Il jia^l ^ UcU_^l LLlAi j^ju 
**** t- oL^Ll4 ^ V]Ji2 Vj ^L^> ^JL 4il^ ^IjJ. 
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U^UJ li^jj) Ul ^ Ja^^jVt a^l ,'„<-,,,, VI 4lxjJtl (( jj>jsuvi 

. <Lic licstJlj 4 a *i< c^JUJ 2jjJI (jjJ foJtc — - SjjJI jj^ 

^Ukiil <Lj <1j Uo£ oUI •iuS'VI djufc £-40515 i£jjJI jjJ («-JUI 

.1871 ^Ltit jiitimf t 30 jjJ^aj JjuMjj^j-tJ 4-uj.i>JI Sjj3^>JI 
cdl jG^j 4 1840 ^jU ^ LuLLjjj L^j c*JU© I juMjjj^j ^ <j£i I 

U^J jJlj 3 jtt i^l £rtlaL (jVljjV L*Aj ljuMjj>xi Lu» I J£j Jjj_flj j|j 

Jl jji»! 4juj! ^4] jJj 1 1 j (jr Ij| ^jS t JlvIj (jl^J 

4 . ,m )<, ^ jJj .t_»Vl 4_p.Lj t^U^. <^>MjJ jkU^-t 4j^jj t^Vl 4_p*lj ^ 

3jjI^ ^ ^ t <-3>*J jM-pa J^jja o&J i(jjj^JLu 

4j&Lujja ^1 3j_u<Vl cJ-dZul . JjJusJI (_ r 3 CjI^_Ju cuj Lilljij l ,pJJ tluljj 

^£1] 4j — Jl^ocjj Jlsejj <LjjIj c-.cfcJ L*j ui». (JaaJI ^IjL <b| |jb 

^jjjyiS^JI 4^jj ^ tiOjj J-m-j .(wLuJI (> t^i J— 

jjjuil ^ jLt <sr _«ljjJt j^l Jn" Aij) 1892 f ui ^ ti^l^ aj^ 

(jru^ Ijl>.|j <LLuJI oJJb (J* jlSj) 1893 |»UI ^ Su.ijULjlHj (tL^LIl ^ 
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^ <uk £,LS '•^-b- 1 cr^ bj^jt ^ 43L_JI jj U^ljl aki. 
«4*/>UJ| ^ X t- ■ h o UUo jjSo jl Jj^lll Ijuk Jj.,^aarlt t-Jki 
^jj^l^Ji 4^jjJ «J^> ^IjJ jj^ 1894 f UJI ^ 4^1 JLjS c*Ujd 

iu^ai. ^jjj *UacL Jjju jl£ Ulu «iijstoJI <>> lju>e ^j^fj 

■uA^b ^ u— <>• u^j -(«^>Lc (ja 4rtj<iU 3_JU 5ja1_l*4 L^jjj) 

c>j ful^jl ^jjab JUlOM JLJb 1851 f UJI ^LU^ 

Iju^U)^ JL^SjL^lj4jtJL« (JLac^I^j .j* U J£ jlL J£J 4_^U* a^tilt 
jIj^JI U^Uo o*3l j ,<£^ 1> JU ^ 6 LS| t#J r JuDj « 1895 ^ UJI ^ 
«.j^ o^j^i ££>jX\ L^jlaj ^1 ^j^Vl ^L-^l J^. 4( jjLU 

J*~u 1895 ^Laiui.j^^jjafciiij.spuji jj^jjjjj^iti i^sjkj 
jj - d^L c_JU, jrju»-^ ;U»U ,>jb ^ JjK ^ 
^»ifcXI t Jua ^ l^t^c f.jX\ ijSJ (JjUJI ^ Sjlo^jJI JtuJS 

OrjlL- JiSj <LH *T| ^ilijj L^LiuSJI ^ 0d>4^ Jf3 I jla J-ijLv 

v^L^I J»jJt -u^j^b (1)^ ^ .<jj>iSJ>U e/m uj^i» a-L^ 

(ya ,jiJ| .«^UJI Jjj ^ ifiLLuJI cj! y<}\ ^jJ] ^ :Great Exhibiton (») 

.(Sj^JLI) (1882 - 1808)"^"^* tJ=^h 
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Juu) objpJt <JLc 4j£.Liui| CjL»jj» 4<mr*^ ^ Jaju — uul JlSj i JUJj^D 
f.jJ*& itAjtj .(Sjf UmVl CjLvj^LJ jj^xA udLSfc&l (jA tUrt'g Oljjj^j 

CjI^I uuj* JJm (jUl) 4j> i/SU ^Jll JLuu JlZu! ^yic t_jjL>o tia». 

.^jA»tJl I^jju ^^jI! l^jasjlaj <"i <irt>. j 4jI Juli Jua 0j-Sj3 CrUu> 




<"tl «J"i>- £)t 1 nj^ 4a)6 ^uio jj 0 juu — 36 

. 1937 «3jujl»JI tL^pJI» -ijjjsjilj 
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2bui! 3 — wtjj ^jjL- L&U. jjj^j jlj <jl£ * 1896 J^Lsbj 

*• •* ** .T'. 

JlSLit <>» JS^,j .(^^t «i^f) U*L£i j^Vl Jl£Lif 

(jrt»> *l jSLfcj) Jj^ui^La CjVjLl* IflrtnVi ^ylll 4_j Lu^LoLajj^SJl CiLvaJll 

^UJu} ^Ujjjj) L«JfcJu>4 (jj» L-kJ^a 4jI 4j UrUJJ « Jj^Lu 4auij£I ^ jJ! 

oIjZUjILu* AjluolI 3] JjjJ 4«U<n 4jaUuJ (jSLcja ^JlU jji^ ^Aj (Lili 

iLij 3jS 4jj^_uS1j ,^Jb« J^Isf jjkj (b_u £U — wl a\ ^ u.j) ^LjJIj 

JJLseJ £>t fclUi" ,»l i 1900 f UJI 1 Ju£ ^ J«JU Jjji jilj j£ Uloa 

5uul! o^t «-«H" t>^j • (#) L-^ **-^t «U n, 3 1 ,t,Vt liJIS LW> 

otjLtj LLu 2L» — iif (jlj (1908 ^L*J| *j£t La (J^IhSUI 

^^{jAa 3j ^J\ i_ UAV t <>a < U ,Vi JlZu ^ j UU a^it ^ < UoLii 

1851 r UJI js, l^Jk a^.ijjji 41=^ 

CjIjJ — u ^JJ^ »1 i*->n il Juu ^JLajJJ < <lt-> t alit it^rt*^ ^j£L<u *3j| J »J| j 

^LIoj £_4 — cuJ (jl^ 1^ jJt cJa^II fj>£. 4 — ljuSLj JLaj La jj4.J «4juaL>J1 ^ 

(Ji. ' ^a rw Jjj^j jlj (j! (*A>^^ Lr^J * ^>J**^*^ 2L»jaL>Jl t_i^lJtfJ 

(Jl I ^ 4 4^Lb| 3; w, I ^j^f 4 j ,,,1 4jw» ^ JiuiJL 

. IjliS^I jj^jilj^iLunjl juu .1899 



231 



.(^UlfLJt^^UjJI jL^IjiciHiS jSj) 1898 f UJI J* J-^p.jJI 
<JT Ltj * ( jjjjSi*Jlj 4juL^JI ^ l-uaUI Jjuij ♦ 4 iijUjJl ^ylc -ijjSjilj 
J j i^tII b>A^ lio jui (-*]( jCuSj (jSj ,Jjl\ jJI <L>-Jp Jirt-rj 

^ -G! ^jjIj < J*2s u^aj *(1956 - 1877) jd^u (jr^i^VI 

cDUiVL o^l 4f$>*ll) ck>^ IjnAttl e^JI IlAVI ^MUj SUU* „LfiT 
.< rtliV a j-uak t>c Sjj (jjj 5jj J^jdi (Radioactive decay ^L* £¥1 

3j j Sl^J JjlAj I JUJL>u) La Sjj Jjuj cLcAjJj £rt>- LLxj jf LaJf '"'^j ■ .,y £)J 
(>a j dUi ( M V" j U (jlA if^jJLajJI £^1 ^Jl >US IiSmh U 1 jj * U 
Ujba jJUj L« jj»J Jd» ^ Lusj! j^Jj — im - ^Jj^jilj (jjlju jLflTj .cJlllit* 
J^stlJt Ijuk (jt IjL^j jj .^jjjIjJI Jla «Uulfl S^Lo ^j-<j 4^UaJl ^ V 
jjja 4j_u. a 4 -L < . aj tla*. t4^jua\j Sj^LU ^«a^ j CjIjJlII ^ 

Jlla .JM^^U ^jj^JaJI ^jJI ,Half life «^.^ll j-**JU ^IU.^<n 

(jrUJ J-*xU ^ ^jjjIjJI £b u/| (j-aij JjbU 4JLj9JlI1 CjI uiLloJI jt cdli 

tliLijjl (Ji-^b C^i °' J^' *Ju-aj CJ^I 41^ 1602 ^ 4j| 
Olj jJI < hioj (JjeJu i_u i4aibJI ui 1602 Jl <G?j . LaJ? '"^ — ^ 

( _ ? J J ^Vl ^njn-sl l «Uj^jj (iLP-L jt i-^jOJ jii 4jT V L_^jj .^jVl 

L«Uj) 3->jjl=*JU 2L_aLkU Icjj'i ..ia ^jjjIjJI Jl<uj -JUt" .,»^U 2LLL3JI 
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\£l&\ j-lLu V U» bjjL*^ L^y IM ,4 j-^ Ji>. p| Uli* 

^ a^lSUj ^jVl v^jSJ Jfcc? jJ! a^LLd] c y ...n 

isLiD! ^ Jjjijilj ^LL^ ^1 tfttl) Ajtfiljj r l >t«j 
LiiL^t ^jJI jjjT JLmV Jj>LJI jl^j <(<J-^y 2U*U <> 

I — <i ^ a 

^ LmLn! ^5 *J-y 3*«U Lstj^ Ubj^i a\ . 1 — jjjj? 

4aL >|j2 tjiuJ^l* 4«Lx ^ *L>ii) liH^l J**J 1907 r UJI 

^Oa3 4x.j — ui^J* CjUMjlI! (>0J.<±Jj) irjll 

Li]f o Uj ,„ r r l jLia-^l pS^f 1909 r LJI J* &\ t (Jla <> j^Ij 

- 1882)^^^:1^ ja (jj^jitj «tp-jjj cdij^j c^>j) Li*i vjL*^' 
^ .(1970 - 1889) oJu-jLa c^jf ^ju ^JLLj (1945 

^^r^-JLl ^U^VI c-a l ,*,<« ^j^i ,,,1 ^JJU ( „ni jJL£ jJU^A Ijub j| 

^tjjJi ^ 0^-jL.jjJL^ Utj^t^l 4,<, ,„MSJ1 vjL*UI 
jj L^iii ^ ^ ,1908 f L*J! j> Jyl sjiU ^JLi ^jilj J ,^ (#) 
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C3 ic jjfc SjjJI LcjxA £J>«-tJ1 'VJ^*-^' aJJ * *' J^I Jf* 

^jayaiJI (jufe^rUJJ tjj) mfljJ .^j. 4jJL*j — w/ 1 <^jtll ^jj^jJI ^>J^i 

jjj4^a A-uLat-lJ 3 it A CjI j 3 .S La Qja <j^5La — ^j!a.JI 3^ o\i 4jlA| SjjJI 

Ju^II jS&j ^ 2LuL*jyt 4 W Atl uuii Uli 3>U*i jlJLc 

tjruv^pJlJI 3j£j4j Af IjJj-a Ula Jala j^j t( jrujL>Jl J^t 4_p.lj >LjB 
j ...'a ^ 't 1 1 Jj^3j jlj (jS^J . 4xv>4 3 r> A CjI j SjLo olj^p 3 >iiLya 

I jla ^ 4*Lu> ^1) central nucleus 31 ^JJI ^ I jj! ^Uu V UJ? 

^ Cr ^ UJ Jl o-* f « 1912 ^UJI <ys -uA^b JU^' 

49 u*a jJt aju <ys ^1) 3 jjS\ *\y Uif <_jpS1 Ijjj 

4 J.-» AH jJjfoj (jr^W^' tPl ti^h? (3^^ «(LiJl ^ — ui*. (jjj ^ 

mJI^UJLi Ij^jjia^J; Al3ijJI pt(> yjU^r.rt A<j 
3lyJI . Luo^c 8-10 ojj&l 4jbt«( ^ LLVi j .SjjJI jJU^ <>» 

La ^^^jb J - .-<t| ^jl (4jLa1I 4_uj^2j 3j1, jtt jf . L_jU3^c jIU-lu — u 13—10 
^UL^I C_JLc.Vl ^ oljaJtj .^yjLujl^ 4£.IS ^ <j — LuUb J^J 4x> m^jI — ulj 

j! 4jt A (jja jl£ L* ct^"" *Q^- *H t ^ J 4aJl — «Jlj <a^il 
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^jVl SLJLUJI V> *JI J>U «J^ i) .*jX\ 

j>a < jU». * Asdic and Sonar jlj^j iih^j\ ^ ...t. lij^ 
1919 r Ui| .(^^1 jL^oJLlj Sj^^UI ^UJVl j! «siUaljiJI 
J-^ljJ -lUaII o-^ujj oijJujal^ J ««o j h. , „t£ ^ . „y , . 

Ul^l VjL^U jj^j i^tLa ^ ^jUiJI J ^| 4 ,„•• rLj( 

^lk^l Ioa^^oJI L^f^A ^±h) C^sjJ^\ ^ 

Jjf t j— a JUj5.(1920^U3I j;U« J/V ^ ^ j^JI 

dLjjLS, ^ ^JI^LiVL ^j^Tj .«jj^IM *LjuA)t ajju 

jtci.^jl 1924- 1920 ^UoruU^ VJ u: (1974- 1891) 

19 S^ai <GUj c^jJt ^Uj oly . UJf aU^ JjIjj 

t (4J^ <iU „u culaj^tj ,1937 ^LJI jjj^! 
,L>^I „ULi ^ juo^ 4^.3X1 3^11 ^ UU! 

C^-»Tj ^1914^1^1^^^^^ J^jSo^jl^I^Jw^ 
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.SjjdJ (^jjiil ^ij^jJI 

* 1932 J «Sl^l f^-t J JL^jitj UjUC J912 <^oLdl <jrU 

U j CjL$j 0^ t-flt » t>c dLAlj *UJLK5^' ^5^1 — ^ J>Jl>- LoJlLc 

£jJLa» (^jJI ^JkVl jj Lalll *j^T j.»^<r oLjj ^y-JJ J>seli (jl <j <<n 

JojC»^^ *(1945- 

U St l pt *1911 f UJI ^ ti SL_o,Mi: 

„ju* ^ jil! * 1913 r Ut suj j <jl)jf W* < Sj ^ J 

2uiuSJl ju^j c-io.i,^,:» ^1 p/. ,..T jLuil <>* jjLI^i ^ Jur it ^u^ji 

Discharge jj^' Vrf^ <DI 2L*^ l& ^*Ju ^Jt 

jjjbj (l^U$>&jj ^jiwu ^ cjIjj <oUjjI ^SljJt <^Ja ^) Tubes 

^jj a v . (a±iS3i 4,.iHitL uiH^y* e/m ^LiJ oj-— i 3 
e oi j jjVi a,, M,<lL» e/m L>U aij jji_«T M ujLH^y ' 

JL^I jS\ L7 i^\ JLftJLl ^ 3JL^I J caJ <-d jJtlj ^1 oLu— ui^JI 

^jK I jj ^UVl 4_^j^bjj jua ^ Jflf JU 1 — jjL>- (_fl jJtli (_3j__t*< 
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(Mass spectrograph cJ^j^^,) 3JL&JI UuL JUuy-. ^_«b 4^ 

cJ ^ .JUfc»* o>L_£ oli cilji ^ lUJi^ gU^, 
<t*^a>WI Sji aj*J M!u 16 (^.^Vi 5ji 

^ * " j'"Tj c^jlh^I ->jAp'j Lcjlul cJjSi ^1 ctr-^ ^Ip 

^ia« .M ".n ^aT.^j^j^i SjaJ Mfu 16 L—^ia J£ 4±£ e^K L_iJt 

6jl«T Jj^>J 431 j j^Jk LM£*j^j jUOVI Iua <jK J^Jj .e>£>— 
^ J^j) 1922 r LJI .L^jSJI ^ 

c^lj 1900 f UJI ^ 4if Kjft 6 i ^ .(1921 .UI ^ L^i 

.Sj^ 4_^jUa C^lj <4a5lj^ CjUL£ .4*21 j CjIjoJI 

JJoJI <> ^1 J* o^h^JI oh^ t> Jj^l J^*JI J>U ^LS^VI IIa 
olj^JI 4u^lj 4_. ^jj otjiALT <ujl& ^ jJI j 4_ul ju V ^ jj| ^| y I 
^ ^ 4^it^ blji^t c^IWS 4-jSL^.J ^Jj M r; ... l 
^ J^lIj mjW^ SjuiL^ UyU 1920 f UJI ^ 
.(5^ oljj [+>j$ cy* W* v>23) j^l t>* JJi jja ^ 

^UJI ,L^J1 5-^ 4^ ^l^, ^.y, 

*w>*lj Ui fLi oUL_££l ua^ 1932 f UJl 4_s^ (1935 
*(1958 - 1900) LuUt^"(1957- 1891) 

6» 1930 f UJI ^ ^ u*_i*| .^Uji ^ ,(1957 - 1897) ^ 

JjU ^1 4x^Vl Cy> I JJJ* M^-i £uL UJI oln, ,„ r t lij ^^Jl 

oUl^*j ^^l cju^ ok, 4jf Ui^l U<jT 1932 f UJI ^Lu ^ biiTj 

oljiJI ^ Uj^j ^1 4j3*ill ja£ JLuiVl ^ U d^l UJI 

oUU-^VI yjj» c^_uJj .(d Dj I^jjT U£" LU* oL^I ^) avi^ ...t| 

• tsiis ^1 jiavi j-^ 1 926 
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^ f.U.- Vl Jal iVA\ Ijuk ^ j* -(cjyW ^b^ 1 

«SjuLst* CiU-j-ui>. S^Sj t_) j> '^-J Lili &) <jt j-A 4itA>. iijJL*j U (jt l£J jjl 

diyjLS, ol jUi| pls^t J& JUU 2L1^L 4^jUo ^ j^Vl tSjlaiy 

^ ojlM ^ jJI ob < 1932 ^Ij-fi ^ iLLuiitL Su^*** r b! 

d^tJl ^ «gUS-f JSL!uj ^Ij .urj^U 4^1^ ^Li-il— eAi^^ 
* jj-^b Uaj,-»I 5ja) ury^M^ uJLH^b Upjltf <>» ^j-* 6*—^ 

-U^j lj Ijla^ UjjU^^IU.nU ob '1920 f L_*J1 j-JO^ 
^ JLaiVI oJUjjLi g-lU" ,,,) tiU Ioa U j— . ( * } 1921 f UJI ^ 

^ ^LUl (j^Hl 4jL^> eij^t S 5^*11 Lltk. (Jrt—Ali utt t 5_l^J» 
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J-KII j^Vt ^^Jl 6 | .black body ^ ^ ^t .Perfect radiates 
^UiJ 4^ jj^j UaJ^j «lJL O^LmJI j-LuiVI J^"* ^ ...^ ^ 

4lib oK- J* ^ t UA?l -M ^ ^ t ^ ^ Jja , 

^oJI ^U_^V I Ija J!u t* Oj— jJ. jsW Iju, ^ ,b^| ,ui^ ^ 
Ji- UU>! 4*3 .Cavity radiation ^U_ii»>T t. .J 

O^J! cLi^^y ^ (1887 - 1824) ^j^^ .tf U, 

^<>^ O^i .42^! „j^, jj^Vl (<^JI ^UAV Uu»j ^ ^Ufi 

J~jsfl aju^i l^l. oVjU* ^ t 4j W | ^^juj, 

U^U* ^1 <j| ci^ 4a^| Jl^tVl <>. oyu> ^JLl Sj^j UJ 6 t ^ 4Jj jLUI 

a^Lu, o,^ ^ juat tv . j>-Vi ^>ji 

Cr-^ dljjj t> ^^y cjIj 4i^<>4 yjTjtj. ^Vl 

oli Sjl^l Ujjj OiUl cru . L. j* ^1 j^Vl 

•i»>fci)l oUjj ^LS ^ (ti uuj| ^ ^ 



^UoJl Lu»^ A^jy ^Vl ^ jlWI £U£! 

o- l^li „Lij^l ^UJLi ^ jl^Ij ^ ciU^L ^L» 
<iLiMj o^L. JiAj . j^Vl 3jjJu^\ l^Uu^I 
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^ (j^Jjj 2bwLfcJ «J^all fi[y^\ jh ...f c-u^ra (1947 - 1858) 

ISLaLujJI ^ 3 : ,., t,,.Vi a, ...\ ^jji l^jj^j . 1892 ^Uil 

Uj 1895 r l*JI jll» JjU-j ^(j^Jt 
Entropy L_uj>ul ^ 1 «.m «t» j>j_«V1 J^j-Lu*!! ^U— £j 

.a^L.. aJ <tl j^LuJI ...,» U 4JbU- ^ <energy elements 

1*3 jl^sI tconstant of nature 4 + c^lib iaj^lj (SB^^-o 
(^l^tj .Blank Constat <_djMj <^jIj L^j>*^ I ju*> -h 
14 ^jj ^^kU cjpJ^j ^Lufljjl^f ^Ul^l ^ 4j^j^*lJ 4% j.^ iiLJMj 
2Lp.L <>* ^^L-J! fu^Jt JjUaj tPi b^J * 1900 ^ 



^jr 4oU*J g^Sti V 1 jUL j[ io jJ£ CjIj^-U 
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a~ ,1905 r UJ! <> cj9-^\ Uj-AS ^1 jljjt J* ow<> 

4:U * \i <,i i U i r%*j j4£ ULui} o^Uj jf jJu^u Ujuc (5 jjJI ^1) 4jju jJI 

j^ioj) ^jSLm ^ l^a^k jjipji) o^iai jt g-u—^yi jjh ^ 

1902 f.L*JI .Photoelectric effect ^^j^^SJI j-uhJI - j, * ^ 
'c^j^*a>£JI j-^tiJI ^ <L>L_~JI oL^ljjJt jjLlJ (.g.!^ ^^fil 

aaiui ,„r, 4* uji t*j 4^1 oUjpsayi 0 pa ...n ^ 

. 4iLWI 4J L^l* M^^LIj .Lc^k^ j^il ^ ^ Ml 

.«JijLiJI (jrt T LuujT ^Lt» .JjltLuj j^j) 
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1*11 fcjU 



«. ua3I lil j£ ^ UtlLLa jlS tJiS^c uiaMi. «dLJi 

<Photon «CiLijj^l), ^1 1926 ^ UJI I jilU- j! Ijitfj) 

:4j$Jaj Ijufc {jC jjulj iLLv 4jjjj 3j£Lill <>JlA <jL LaLw <jl£ 
jL-iSujL (jU'n L*a£ i\uJt, JjIjJI >U1 
J < 4j&Ua]t gjjJJ ^ * jjU-a^J t i« JU . i a *j — o» 

(JJtu Jj <s.LixaJI (jja jijJoL dJut^Lo ^Lsejwf j j^jll — ula 

jlu »4». I ^2jV 2bjj!JI oVVj-JI ( jlo. <jj£ jjlj crp—ALI jj^U* <j^ 

ftl y>\ aicjJ <jL <*J ^ ujj £-*i>J (jr^ O^J '-'J^">- La * — "^ 

*L>iJI ^ ,(1953 - 1868) *=c«d cr^b •^ L - ^ L- 

.^^j^l j-uUU cJru <nnT j, j , .. . n" U*^ JU. 11*^11 tfjjitj 

I u<Ll3 JuT(_mJ ^jf 4jjL>u f LjjT ^ ^LLaj — t-uij »<-jl^ua U!p — "4^ (j' 

f ^j^, 3.i rty jjj) 4**' oVjUt>3 jLu^jv. L^jl ( _ y jSLy * I _l>- ^LuL&^U 
JLt ^jIr»o liljSS^jf 1915 >Jfc j juUj-^^» j^T(3j_^iJI 

jUo.V t_jjL>o Lp-^t cPW*- (>» f»^^ 5 j— Cf J'^ )) y o3-^J 

242 




O^J — uubl 4.1 J Ua 

^ o-#J V ajLJL. UiT ju^! 0 | i 1915 *UJI ^ ^ij^t 
*J**]i Ioa ^ steisL» . 1923 f uji ,u*aj| ^ j^s ^ 

LU* ob) 1927 r UI Jyl 3pU ^ Juo>. orOAJbT o» <^>JI 
Cij^f g^bil oUi ^ .(|_U c^j? l^SJj . 1921 ^ L*]| ijsL 

. bllj^H Sj-fcLkJ r l3j J-tf ^Ijjf.jui^^c.jjl 

iLl** ^ Kj^Ut ^U^pSJVI 4-.U- ,„ L^, .U.^: 4^)^ 
•* W ^MipaVI «jj-* J*** a*jy V 4if ^ .jpli 

«3 ^ V 1 —- ^Uj^Vl Ulu 4 W ,M1 4^* 51 ^iN <jf ei^j 

erl*-w t 4^Jt J*ij U3ljlj^ 4aiL L^SJj .L^UJ .UjS ...t| 
ollj^yi ^ .a^iUJt a^xi jjiji 

- £jL_^ j? cfJUj J*i3 ^(^1 

^ jf t 4^j| ^l>ji ^ j? a^^^oi ^ \^ju ^imj gji ,,,-tt j 4t >jVi 

iijjiaJ! „a^, 431^ oiflj i]j ;4j , „.Joll^j^ c^U.^ ^ 

Reviews of Modern ,1949 .343 ^ .21 jl_1*JII ( «3_Jy^t „Lj^! cU^^l (*) 

.Phyeics,voL xxi, pp. 343, 1949 
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<jf <y& «.n inti (j) .Jjj u£U jl (jJJjj JUC 3jSLj_ti*^lUi J^°! 

. jjj J-Lu ^jj^ jjk 1 jub 

jjbj . 1885 ^ UJI ^jj^I t>» ^jL-uJI ^ (>tU^ <> jjj 

oIjjjSjJI 2L>.jj ^jic <d^us>^ «Gjjj j_L> 1 ju>. Ludc UjJLj er^J (U^j 
tiUi J^^jt^jj) 1911 f L^til ^ ^WLjS o* *L;>UI ^ 

f Lc 3jJt J-4*U C-iJsj i«Luiij j*L*]1 ^ Ji «im»i -(^^ J^l JJ^J 

<jja JL3.J t(J * <y8 (j j ' " 'Ur? -(jr^ — "'l 

SbjJLjjyi <G£l jj ■ ~« ^ ciljjj niJLiA < nX"t< <Ljlc ^a*JI 

(3^1 jjj V SLu.'nrjtl 4jUU1aI <jt <-'"".' ^P*^ t>*J 4 %uU j 

U^j Jjjj ^ tiiAJ, ^* i ■•> l, t^-J * V-- 4 

» jJLI [jj^j <jf u 1 ^ t— a*^' oj-i <>° -I^j^'j 

u ^ jji>lj ^1 iu^: V L*il «i^u (* ^*~5JI (>• .UrtM,"t L*1»*J i^LiiJ iSjij — w Ji.b 
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a^Ji JH x\ ^ ^ ^w^u js^i 1912 ^ ^ 
.SjMj c^'^ jjf . i >iu^y 43jb3 ^ a^ui s^vi 

E b*.i r u;j 0 i ^ ^ oj^jiij ^ l^Li 

'^f* 1 *^ * 1912 fL_*JI u^o j& uJjL^jJI^Ij^^l^c. 

.SjoJI 4^ ^ ajfcu ^JUa J^fj . «Ju^JI J* i^L^ 
JlAij ,1913 f UJI ^ 3 J> Alc l^,,,> ojjl^ ^ 

Cy& . 1922 Jjjj 3>JU* ^ 4 n „n J.n^-j ,„ jUiUl Sjl^UJI 

a^n^j a^jV u^jj ,u^j| ^ ^ ^ ^ 

Jli- .^jL^UI gStli ^ jiljii ^| olJ^JI LU ^ (^U ^ ^) <gI 
aj^ ^ ,r^fj (l^iljl ^ ^jfi ^| cilij^yi 3 2jC. ... si* 

a^K s^li a^L^ j* 4K iiA ^ 4XJj i(hv 

i^v 3j^ lu s^lui a^Lj^aji s ^^ji d D t a^jij 

oUj^y i o! jlw • ll* ji^s j! 3^1 a^L*, ^ jjli ^ 

^U^VI ^ 3^1^ UL^ l^V Sl^iJI L^lj! ju ^ 3 JXM ^L JLs 
3Ui e^i.) jT *>T jIjm» jIju ^ ^ ^ jjU^j 
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<jte diJjli .(^ru (jru Oljl jba ojSa Vj 4_sUaJ! <>• 4jjIj CjU^ £_a 

OM bU .J.Vm.rtJUjJt Jl C^U ^jL-j ^ e^J^I 

<jfj *CiLj^pSJ)?l J « (jrv** JJuJ «4*1 — uiA» 4j JaLc jlj — a J£ 

j^l ^ 2Lc^i^ Sl^JJI oLjjlhSJVI t-r^l <jlj .(4-_i4 

jij-ua ( ?» .Vrtl UUc *<£>i ^>-^ U£ tol^L^i j — uic (>«> M-J£>St (jJi 
Ijla <J£ j? er*jJa i ( (Uncertainty principle c£2JI ^ j^. tjLy» £j_xj>-u* 

ciJLufc <jl£ bp3 .»j)iriU j JL« ^ JjUali U jJbj i^UaJt j — a 

f*** (c^JD'W 3^ cv° ^ J 1 ^») S-s^hUI cjIjjJI 6-° j>±£ 

j^S LajOc (IiLlL! I^j (jSLw ^pJt iij^JaJI Jjsjj ^jj^a-Jl ^ 'W * 
jJuu Ujufc 4dLUI (j^L^ul 4_wj£ tLV £*]L jl) Ji_ u-? (jJl cjUj^VI 

(jjSLi JlS .SjujyaJI A uaL>J1 5jiijUtl 4 " o <^ij j ^ "h bl — t 

jlJal 4j! Jlu *3 JjJLv J 4_4JJ^ j 1^3? (jrU (33^' ^ *- > Jl Cyi Ij>^s> — 

u t L^li u 1 ^ lj— *<jilj .SaiJLl ol j j — II if_"^W a^L^Jt iliUJI jU^j uu 
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VjW^J ^4^t ct^T j** ^ jSJI *LjLh^ <jt ju V 

1914 r UJ| 4jIjl, ij .2^1 4^ Jljjf j^Ai JJ» 
u* iy ,L^U iLJ_| Lt ^ 1a ^ 0 j ^ ^ 

4^L^J a)>u <L^u| jluL U£< ,,nJLa Ijufcj) lj y, ^ 

cr^J .c^yi S^Lil j|j ^ J^J| ^ .^I^lj 
4*U*JI ^j^l JI^Jo SojUw jUijJi cJIi jSj) o^aJI VJ -v. ^ 

^ 4luL_^L, 4^1 4^j c^Kj 1 41^, ^ JT ^12 ! 
t3 >£&' <> (wajJI (jMj * 1916 f Uli jj^JLI c^y! ^ 

^jUioJi ^ *ULJt j* i>u-uijL. c r *^ JiAj 

j» jMJI Jj^l ^JLi J^u^JI lu.ji 4J ^3 4^lf^£l^<i^ 
f> — u/b oVl - ^ Sb^l *b>oilj .^Ji^ 

. s jj^>jt fu^sj! a^uji jt&yi a^u ^ jil, j? ^ 

cJl^l U^.j .jy^Jl jU^iVI a*ja isLLJI J^^Jl 2Lul£ajj 
JiiJ) j^j jjU iiiiiJi 4oXbj| ^ j^j) ^ cdjUijJI a^UVl ol^J! 
J±>uJ\ ^ tdJaJ .a^jJJI 4*1^1 ^ ^jLJI 4^,l^| ^ 

jJai VJA JI a^j.^U^M Ijl A-,,„n(1975 f UJI ^ 
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M.^it ^Ij^Lill <^iJJ^ *>~*N 'CERN ^ 

y * 1962 <*L-*JI j-^>i 18 ^ 4^1 433llji . Ij— uuj*- 

^1 Ji^Jl CjLU^ j 3j jJI o* j& u^-A? J"* 3 »* 6-° ui 
Sjjdt Jib lul^j 4i^»l>« 6^1 .SLaJI *LuwSJ o^J^» 

cJj^j y^JI aiStjJt cjj^jlJ^ i^ljL^JLt ,>»>uSJi LpW 

^L^JI ^LJI ^ Ujua * 1924 f L^Jt ^ r.asVt ^L_j^ 

^jj ^Ijj^jlU -g*._j>? j^Ji (1987 - 1892) ^ ^ jji <ir —j>ill 
0t! ,H ? tl (1925 f UJI ^ Sjj^lj) ujh>jj--N 

jjl^j .oUj^t^tt (j^L-u-t I.» <ui U \ ;'* *jj4£l\ oUjil cJu^ Uli* 
^ y) *L^' 01 J-t- 6— J* ^ 6- Lh- 1 ^ ^ <£a^ i J 

J^sJI JuS 1909 f Uil ^ «^5— 31 fc^^ 1 ^l» ^ 

r a* ^1 ^jVl 2ULJI ^*JI V-J^ t> c^l 

248 



^jVl aU^J s^Jl ^ . 1929 * UJI ^ jj^i spu «L^f 

£-* f\2 J< m. J j 3j — iUa ^jLGj l^&Jj <oUl^ ^ t^Uua Jua4jU1J 

L*JlbUXI «>_uU tfj_aJ ^ ^ LuiUl .(jUttl I Ju* <> ^U 

'* ■!. ' '" ;1 < t>» (^-^Jt Al Juiia cjj^Vl 4J.>UJt1 » «1 ,E= hv 

4JVaU UjL_^ ^ t v, „ui m >jJI ciu». ,p) Oj-V^l ^ 3U0J 
(^^1 4^>j iC ) ^1 Iftj^Jl 4, , H ;tL (4ISJI J* 

LL*x^U Lw OrGbUJLI UruU tfjjj j-^jj . E= pC JjJjHI «MlaJlj 

^MMU U Ln ^^Jt ^U_^>Lt ^^JLI J^kJt ci^p. j .hv= pc, Or p= hv/c 
^oi^i^^l^L J_£L! .l = hpof^^':L-*uUjl = v/c 

(Jj ^jLuj fU*"*iJ ^^il J^kJI ^ 4j J>l ^ «<«^upo> 

^j^JUj^Vt jUb ^ 3^ s > _£ s 1924 f UJI 2 ^1 <Ola ^..Ci 

SjjJ! ^j^wJ Ij^ jLi l_x^bj .^Lj^&JVI Lu 3> ^ 

(joL *b_^f «oljljdl» tp^i oU-^a l^Ji^cjLJj^yi 

sjUi «> oUj^yi aaLkJ aii^ai ^1^1 ^ ji^ ^ 4^1 
lslh*j oL>JLi «^u^i ^ a atefc* ^Liai jj ^ 3.1 u- 

J^ljU ^1 Oljljil 4j ^ jfl cu. l l «jfj ^LSU ^ jlljl JJJ ^ 

uLii^V JjJ^j^j^f^^cij .Ul jl^Jj.1 (j.^ljjlOjj^ 

<c>p—^i t> a^j^Vl ^jjlj ijuk M__4>^ (1946 - 1872) 

^t>^i >a U ^jjuj jujlu, JIS ^aJI 

4Sb? ^LSI ^ Jl_^ Uj^-j ^Ij^jlJI a^jj^ ^j^j jj J ,^ 

4iii Li3j 4if v u4 jU^i ^ ^llui oUi«vi 

a^JI Jxi, ^ oH^>LJ 4^ ^| J| ^\ ^ o? ^ 
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(1958 - 1881) oj ,rfb Ul^t sj^b) 1927 f L*J1 ^ 
UI^I^>Vtj 4 3jL*ULl 0^1^(1971 - 1896) ^^^Jj 
<j>«^>Sj oj^^ -(bi**}l (1975 - 1892) uj^i* 

Lu> JUjj t -Lu» 4-J£te ^j-o. oSJj 1 1937 f L^Jt <>c Jjji 3J — SL^. 
oJI ^iuiVL 2b>j*UI tf^I Ujl^l « Ja2ia» LJU* JIJjV u 1 * ^ U&i 

^ J^aa. ^t^JI (JU. 4jIj^. jjJJ ^ 'UJ^J 2 ^J3^ 

,(1962 - 1892) .AT»=*I)M 4* cM^ 

4 T--* 4jlA! C«.t« iX" cjjLjJJI <>s 4< >, . !,„ ojiaj^ lO^' -i^ ^J 

."..-.w i^jk £,T 1923 -U«i ^ j^tj .SjjJI Jib ^Uj^yi o-* 
^ >l Vliuj^j.1927 r UJI <> Jyi 5)51*. t> j J^j 

Juj U UU. ^jJI <*>^t I jul Lyfl) SUbSJL lUjjjy. S^kJI 4^ J\ 
ojSu Lajj£. Vj 21*4* ^ 4^>^ - dtaU ^J O^e ^ dl J^. 1 
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*II - 1*5X1 4^L£J c^UJI 0 f ^ .4^ j^f 

lJu^j iijU* jlk* j^l, U— U .*=iUjpxaij oUjjj^I 
cr^ J* t V <jL Ioa Lia^ . ^ oljjJI Jib ol^&jyt <~ 

Ih*J V**' 5LpJI ^ «ojlh^V I» 2LubU r 3- <jt 

tiijL^ 4^ UJjg ^5J1 - a^bL^II ^-jUUI - CiVjLudl . M a< i 
4#— M UUwfj 4^jXL 4^if UL^t JUiiUl ^ oLij^VI 



JU«— &1I J>U Oruj^ Jj *3j^ d,JL*j joJ OljjJI Jib CjLJj^V! 

SjaJI jjj L» jtlUI JixJI ^ jLo^I 4JL jjuI y ^SjIj .oU^lt 

JSL^o ^ J 926 f UJI ^ *jL^J j a:^ ^ u ^ 
t^oJIj .ciljoll Jib oUj>SJ)H ciijL-* , ^nj j^T JaK 

- 1901) ^^^j^^uVi iia J^)j .jtffjL^ji 

LH^U ^Aj «^jc 4__«U JA 4J *>Uj j^iM JLc 4_^u3 ^ JlJI j { 1 976 

U*i* ( (1980 - 1907) obj^ (1970 - 1882) coj- 

du^lj .(1984 - 1902) olUp j# ^U^Jl ,L>^iJt jju 
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>tf O? ^jlj (fe>* *iJ£J ^1 / 1^) oljaJI Jib cAijpSnM 
U^ju M* '^l< "'H ^ cA^^ oo*-^ OJ*^ 1 <> 
U teL^* 0^23 jW^l cdJ jj^ U!u uu: Lm^Lj 

.^ijSJi 2b>J^ ji** aifcijLi ^ui^-y J»^P^ 

.OLJLH^V 1 t> ^1 jSJI CiULSJI illj^—ui c_jL^ JJfi l^ UV. .J 

jSI^U 4^jJLl 4JLu-aJI (jW ^ U llx - it ^ <£H ^ ^ 3 
\juA Jjii «jt UJ <jl£ oli) 0-* i**^ 1^ <>w^ 

r . ... r W ciJji-^ .'ti .«j ut ULp.t o*-** u^J '^J* 31 ^ 
«^uk Wi» ^1 j^L, f OuW LL^ * laa*. UjpJlj AiSlj . 

J^aSj twave- particles duality 4j*j^JI - a_uUMI S^lij 1aA 

g^ii J5--0- .^^1 ^tj». a_iuu. uijjt oi ^ 
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r,n , A La 3J! — tJUj .jJ^VI t_3jJLaJ1 jul21 cJj9 i( >ta jJ&JI jus4 
«uiso: Lili L» ojlhSJI ^a- 1 ^ Jj^ M * Jtu^ ilito liUa 

lv 9 «<-a>« o? gjU*n.iu V JIS j| 1927 ^ LJt ^ s jijuiio 

^Lic ^ LU^u dlij . Ljb Ijla ^ ^3*: ^ LSI ^ 
4^>UJI ^DjpSJVI ,US , w -i V IMI jiJ Sj^JL ^1 r jLt Iju* SjSi 

4^>ji ijSLa 0 i£i c&^\ ^ 4iu ^ o ,J ^' ck»^ 

«G) - «U^Sj» 4 , ,„;T L> Ort-flJ j»J^ OJLlA ^ La piC-i» ^ Oj(jL_a 

J* r^L' ^J^t 6^» LuL— IjJj .(l^b jl jSi ,„>U topSJL 
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0*^0^ ui>uA .SjjJt Jib OjLH^V ^J^ 1 ^ t* <^ UI 

UjL^i ^1 2U*i*JI oUjiiJI jju oIj^ ^ u 1 * 

<UUJ! c-j^l 4>fn «jijAi <>• Cr* 1 *!' ^tJl u U*** ^ 
<oa>SW utAi o^j* cfJl^jj^-ii 1927 r UJI 

^ 3 | (<J >U. UJ ^Ult o* *Ua J>u»ill ^1 oi* 1^ .4x> j> .■'nU 
J& . l*J JA\ X 2 = 4 4 U. ...» 20»UU JU^aUI» Vl 
>Jt ^ ljU^j.-2 = X j!X=2ot W aiau^-J! 4JUJ1 *oa Jla 

(J Js^iJ oi^UI ^«j^JI >kj ^j^cj jj iOlpSU^ i^LU! ^1^1 4_J 

Ijia Vjt aji ^j» jjU. .4_jl* ajbcoi o- ^ 

J UJI aJ^j a ''*'" ^ ^jJI 0>»i>fU ^U** J^ 1 

Negative «LJL* Uj^&l» uj^» o*- UU2 ,J 4*J U* <*>a^ ^ 
0? ^ (* '"^> Jlj ",11 ^ ^^j^i j^) 1931 f UI ji>Jj . (#) Electron 

<> 6^ UU 3> Al ^ cill i Jlfu) 2Li^ 4511» o>1jj 

^1 *E = mc 2 o^uT 4J jU* ^ JUSI <ys <C> «1*JI UJ>^ 
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3^. Ali ' ^A^t Lfiji- «^^Lju oUi <jV ^j^SSLJj ^J} Vj , Jj^a p; ...^ 

titi. L 

3jU» -»>»*j 

l_u J ^ d Jl^jL-^« <:r ^ ( (1991 - 1905)a^jjtf JjKjKL^iu 
Iju* JU LhT jlj. J( 1933j 1932 o^^c^^jW^i^^'^p-^^ilJ 

(jl (>> ♦ ^HJ^l 4juiSU 4jLu.IjJ * UM ^ 4i-tAJ| t_o.^4 p^ ...^t | 

Cloud chamber WJLtl 2L_3jJJi ^ pS ^U__^ U Oj^^l 

^aJI p_^V1 ^jUI jLm j| .aiaj! jJI jj^T jjl U 
j! jVl Lsjj^» jj^sIj ^L^Lilt pJUU Liii». ULw jl£ Ui) *4_j Lsjjjl* 

.aLiai («uiijSJi ^i^c s^uu <j du> j£ 

^ jj>-l*Jt <^iil oLlu5>Q ^ oUI .vrtvi >T ^ Luj 

dL^Li jju«fj .electrostatic repulsion w <," i- ■ ..j ^-CTyi ^LUI v .... ; 
I jub ^ I il *Gf L+£ ,1921 f UI ^ ti» jJL, ^1 4_JLo)j 

i>ju* J^lDj S*\ j-^l^kJI ^ jla j;LJuj jluu <jf *G* ^ ^ L 

't^JLK^J (^-Jjjj^ ^ <j^h ^ j_J| , LiJT j-jUi ^ j^l^j 

.1921 ,923 ^ «42 jd^il .a^-uti 
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1*11 fcjU 



^1 4_u^£]| 3^3JI j^tli t^jjftl 3^JI tfjufc (j\ UJa <_jjL»IJ1 

. ft^w! ^| 31 >U1 j— fciy 3jl>JI 3juJ^-i 3>2i1 ^ crt^l ^LuJI Un 

^ ijUU 3^aJ! 3jjjul L*jJ v ,.,<«!! ^u^JI «jjjU! 2-^*5 V *(iuiUil) 

13 

p^-'M <jj£Luj UjjJu CiL^UI jte Jl*jI ^JLfl 3jL>JI BJUJLw 

(j5L J^Uil 2LU*j ^^i*^ «5-Ji u>^ ^LJ^-^- 

J^j Uj^SJl (SjjuJI SIjj UU*) 3jjJI Jj^Uj <Lj4 ^illj *(tyj J>L^I) 

Maximum ^yJ^I ^1 J^j 4^ LU I ^ 4^ ^! ^ I jj 
Sjj^L-* jtu- ^1 UJ| cjU^lu> .'ty U U] < nliVa I j-Aj . Value 
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J£ ^Vl J}Uj*l ^ Ja*>UI j) .(UJI JM*jQ <<^Vl J>t*^1 2UU 
UU SLuiTj UJI ^ UU*j ^! jl j^jJL ^ja>.j UU 

SljiJI ^LtaJI - iJ^JI ^ (3jUU 4jjL_^o ^jjJaJI ^ 2UlkUI 2L3UaJ| 

I4J oSUj$ i I — jji^ jjlscjj UU i* — iM oLjjj^a i$ *LdJj t( jr) w jJlSj 

« L^JSJI £^*jfc-<dJ «LaAI — ul4^ 4^LLaJI ^ 5Ui|j"a >^ 2Uu*a CiLu^ J-4^>>J <jf 

angular momentum ^jljJt j ^>>Jt j! JiXb jl-^j 

<>« fUjJI ( <^LJI J^Vt ^ 6^5 «^Vt JM*iVI «jUb^ 

J^j ^ Lo^UI 2&ILJ! c^a^SJbL ^j^I ^ Sjjll jjuj L_^| 

cjjUsIJI (j I Ijlj tVjl . 4^LL*JI *Uj j^jUJ Jj^i» ^JU ^jlaJj 5LU*JI d)tS^ LiA 

J^i-jJI ^jjj Lb V <2LUjlJI ^ j (i a j_ui. Ubj| y*. 

(1958 - 1900) jjUuJjj J-u*^ 1930 r L_*JI ^ 

^ JLo ^] u — IJ t_3jju . 1 « j 2UUtj ^1 

(jl^ 5 jiill O JU* ^ 4if ^ jji <jt Cr^f ^M^j Uihl^ 4-^1 

jj) ojjj^Ij (j^pSUVI Ua pUJ-UJI ^ o^JLH^I uLj^j^'fl ^Uu„->JI 

^ UJLK?^' 0' U^" ^U^l3 il^ — uUj iSj^JLaJL Uj — u>jj1u (jjjjAlI (jSLi 
« JbJL>.)) ^ >j<«t> . (^1 J^JJ ^>JI (jU I JL^Jj t(juu <_2l 05 

:1930 
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(j^JI j (Si jJlII i^Si 1 Sjubt* euLftj — ul>. Jjj>-j 4_uISL<jJ 

^Ul J>UiVI ^ «G! <>l >sal ^L^i ^ j^ai 

(jj^pSLJVIj jjj^j^JI 

Neutrino j^j^uli 

ljjUo/i 4j! (^li (^JiJI ^IjjJI j-jjLj t n«i>> (JJJla 4jt 1j£. Jju j — lijja 4jJ 

(jj^ill ui^JI ^ic «tjJLH^H" f> "'l Jj^-M ^ U^ 1 ^- JMi- 4j! ^t^JL 

.(jJ^j j^lflj (jjJI juuall jJt j» Li crj-2j ^j^j ^Jj (tlLjjjLi £>jjl>. ^jJI 

1933 ^Ltll t«JjL<aiil LLu (JlaL» <KAa jLfcjVl ^ i.ni" j t CLu] jjSUj 
4j£jjl* (j^a jlif JUS J\£j t(J J^j (1945 - 1901) J&pl (JloJj 

^jjij a^m jUx JjlI» j>btiVi 4 , ..ur 3>lli <jSUj 

3JjJLuJI 4jjjJl!I B^oil (JjLLa) <jLn.iia.ll 4jjijjlII 3jJiJL) tiJJj JUu lij^jua ^_u-ol 

^pJI 3JL>J| 3jyJ «i 3j-3J1 ^1 teUaVL 4j! (Jlj^ ^ .(S—Sl^l 

3^9 Luajf J^>j3 SljJJI Jiwl J Llo CjLij^J^jJJIj oLjjJj^JI dJ — uiUj (^^Ll ^^^J 

^ t " ,j^J j| (jSL^J 3_jiJI djub (jt < ftti Jjjsjfj .(^JlXI 3jJ ) ^1^1 4 A AJLl J g 

OJLHi^ e^H? i4_JUiajV1 (jjo) « jjjjjjjj» ^j-uI (3^1 jjjciiwi ^ju < "> . 

.Pais; «Inward Bound» ^j» (_>uLjSVI (#) 
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<jps <> ^1 .vjUall jjiljp jSlIj ^LJI JM*iVI 

^L^jJI {>a Jail CilL^JI LcU_i 0 f y Jj^ 'cr*i>*iN 

4j dJ_WS ^OJI >A l^Luai jli c^j^» 2: ... 3000 4*151» 

HjJ_cUI ^j2Jlj oUj ,, I ? J| J^j jJj^jjoJI juar^S <jj 

tg>b^j .oUj^jij .CjLj^j^j iOLJjjjjj ^ CiljjJlj .Oljj 

.Sipili gjLi. 4jL^ oDj^SJVI JU3$ .(3lj_^U SLiUb ja>ly. a -t,- 1 
cUab L$l j-j*^ 4 j ..mU Il Io jj^II ^1 j^Lo L^ilSLc ^ 41.15 

03^ -SjUI ^ S^it^s J£ tiU«UiJ jli=Li J$ t 4_ujUJI 

(j^iHj^'j 'UJLH^yb ^Jj-^^tj 'OilSL*-!') cjUj , fl? 

t£p t'jb (1—^ <j>*iXI antiparticle oUj ,, <? J| ^ Sj>Lc) 

-^ J1 Jj^ <5j>13 J\ (^.JjJL^JI 4kS jL^iil ^UlaJI 
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Quantum electrodynamics 

Uj Jip <p)l ojj^Jll JSL-jJI *L2elJjj ^jUJI *L£l-L> *M SLo^l 

io ±juj cjLij^VI c& «^UUilL ,>l^L jitu ^ tSjA^I 

OjLrfb j-JaitJJ .^.njUliiuajjj^JI ^UuiVLj — £JI 4-x^j-a di I jjJI oLjjjj 
4ia^ 3^ ^ U$lj>l ol^l jj ^1 ^Ij^l l^ul^ ^(^Jo^ULilJI 
(jjJflJI CjLlu*jj! J* idJjj ioUIj ,,nU LuUjj^JI ^U-^VI) <> 
«Lujl jSJI «Luj^SLJt ISLjjoLljjJI ^j^jla «b^Jail! cJJb Cf* (jjj-uixJI 

-J 4j2jIjSJI 2Lu>£)I iS^aLbjJI 4jjJ^ j — 

^J^u^^l *(1979- 1906) UU^j3 j^j—jiji-^ >>a_Utf 

4JUxi j^laJ p-J Cibjdu-aJl 6JJt> Ij-I^J ^j — <il_ua L^jLa^t 

- 1918) jjU^j (1994 - 1918) 

IaIj^ <>• «jV. . 1965 fL^J Jjji 3j\5L* f__uuSI j. (1988 

JU£. i| (L-nllsta Lfc^J(j' — <u^3 ^ Jiiej — mjIj .cill j-p Cjlji — >u| 4 — t-dL*jj 

^juk^f j^lJLj^jL^j.djIjuJI^^tjSJ! K />!<■« jlSbl SjIaJ ^-Jl 

— £j^Jj\xA (jj Jj— 23 L&Hd LaLxJ LuIoIjj 5 — o^lS^Ls L^ tj ft 'v — aLUI 
Lj-l^Lj 2L^l£lLa ^Jj l^l^SUI KjtKjt «-iJtjjJij jJujjlh^j *U^J>^- ~ UJ>? 
Sjjjlo LtJjJ Cj^I jU i Jj-t-aLalll (j^yiJt LlA JLJjj V Lu! Jlu . i — ^*Jj4J>- 
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*Ui jJjjj (jj-JI cjljjjjiU JjLoJt I j a j] . jlijl>. Jjuto ^^Jj J£ L_a jjtij 

I^ujLjjJI (j-a j^liij jjjljs j-* tfjjjLi&c. ijyfe «ul^j <>Ijjj j^Lg 

dJjJuij ^LuLuiJI jrpjjjJ! Orpjill LlA ^£jJLi ^Jla. j . 2L£ul 4_uj^JI 

LaLj, t ( i cv Lu I ^^li*. i^l — >o jj-a <l'irttf j v. L_aj 4^ajjcuxlt 5 j UI) i j ---A'* 

^jJ! ^yk. 4 (4jjjL>JI ^ <jj — V I Sjlwj JIoj (j^ila Graviton 
. Quantum gravity 2LliljS3l 4jjiLfeU juu <»>. . /j ^ ^ 

JMi» o-" >^Li^ j-*^ oSUj L^ili 4aJaj| jSJI ii^SJI ISLwLLjJI 2Qj <jDj 
Magnetic 4n,uUli;U iliutiJI sUuJL! j aipSJMJ SLu^U. jJaJI 
cr^ <^Up U5>>Vi '»1 e^JI er^j^t 4tj<oJI j! j^jJL j—jjlwj /*Woment 
(»2^1X1 jLj^Vl iuiljSJ! ^jjh^I IS^LuiJ cu— ^ l '"''j b ^ 

1.00115965221 IpLa^^J^.^ULat a^JJt 

JUo.1 ^x 1.001 15965246 a^l^2LX^IjSJ I i-uj^SJI .IS^LjjiJ 

jj m.j 0? ^1 U jjk Ijukj «aSUb <0.00000001 Aj^uJIj ^a^JI 

Mj^k^l (jrjj 3 njl U Jjl ^jVt ^1>^ I JL4 joIjuj .jLaj} 



261 



^Lj^aaJI ^JLlII liJji uj j^_uLdJ (jl ^1*11 (j^-OJ <~L^ ^juajJ (JjjlcsI (JIjjs Ijuk j 

llLusj ^Jb4 ^Jj iiDj£ L*J ^ulajjj . 4_laj_iJI LuLi». <Lx£ (j*J*\j 4 Km*) (^JlII 
SjL&l mi 1 1 4jj_tajJI 4jjLo-a (Ip^jjj jjjjlLc. J^La <JL>.j IjU (j! jJLa <jVI 

high energy events 4JUJI SSlkll tl^j si yJI J^t j^,, <^LL*£. 

{jC ^q\aC, <J}Li" ij-^ liu^J <<Jlll m'» H <&^Lt£. CjLcj-cuj» (j-OsJL* 

cjLjL^ J jLp JjLij 1 ^uuj 4^ wLoIa Quarks qj&j\ j£ oliL^ 

jjfc (j! JLuaj t£jJ\ £CX\ JJjJL ^bj-jnJI *Uk. (>a UJLhH^ L*L> J 

ollutftt CjLJLjo LbjLliclj (4jvj ^jjjt>-I Ifli j^*' jl (jSLtJ «CjL*_j uoJl» 

jJujj *(Jj*aJI I jut J£ ^jjLj 3 — Aj£ (jja j 's a "n ( _ ;r £Ll la^. Ij,5>„,>,,a C^jJI J I j j V 

# * # 



(jjLt (^SJj igjjgiaAjirt olji i.ij^jVl ,jx. jjuj ^1 j .binary pulsars «LjIjUI jT 3 TJl}'! 
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<*$^> <JjQj (j! CT irw t 4jLill ^V,^ 4i^L 
4 «tVna fcbti ^ 1 j^V [4^ t rt,*«<J) f> j 



uM- -^N o&j .aioLajJ) Sjg, > tjrul^ 



i 
I 



p 



J-*>* 6— c l—J^ljl u!» 

^Vl 

1 n*iLj (jjSJ! 



l&jl* -y^ ^ cPJI 3*1" V U JSL^l -sjl*. ^] - 3LL*JI 

3j-u£ ^Ijj! Jjvjj (j! j li^irej (JjLa JJLC — di I Jjj->- (jj^Jj CjIj j II 

t _ jr Hj I 3j Jl3_II a J 4] (Jijo jf j fltr. o ( _ 7 Jfe 3L_pJlj . 4jL*iS.i < »j 

M Jl« 4Uj ,„jtl olljj^Jl .oljjJI JUu 3JLJI £_« jOjlUI 

^Ij^l a^'^ t* JU. * ^jU. SUjjUJI J*Aj L> — 

<_Jl9jjj ^jJI J 1ju1\ j-JlaSjI 2 <s)V 3 J La 31£J J—uSJlJI ^ «Jl £jj 

<U — uuUljuLaj^SLIl ^jiiJ 3 nVtVU ^j-SJI <5J Joo L^Sjju Lj^ SLl>JI 4_il£. 
t J'^* ' oLj^_>Jt ( 'l 1 f 1 Lu j_y\c Jo^Lkj 4_U^SJt l£>3JI (ji * 4_iJ jL>J1 J 

oIjj^>JI j-sj (JjL>o ^1 4_u!iL>J( J^°' 3610 ^^-a o-^u 

2UL£" ^ Lu» cjIjIUI <jj£j Uju£.j iSjUI SJL&Ji-b £jL>- \j — uii 

3juLst« 3jj J£ <jV *-^I^ *4JUt i 3_u^£ SJbe »i <-dLiA V SjUI ^ 

4^x1 jj Lijuui 1 jjJt^>. L^il ju uut ji^Sij 3jj j La <_dJ jJ . I — 

3j£ ( QED iuil jSJI SL-u^JI IS^LjjJI *jh J>U ^ SL^loUJ! 

d^Lbl jujj SjUI ^ Sjj ^ 4_ujUJ| 5a A.tl 

^ < <>,->. ^yfl ^IjSJI <U^ fj\ *_3jjuj . S^UI 4Jt^ <Luj ^ ^u3 3jLj (jjSa 3jls 

t(4lLiliJ( SLalUSUJ^ jJLrSJI < h trt\ <_t*SLt> j-a <_u uiLuj 4_Luua iSSJ^ 

U^£.J <LjL^ LdJjJ t 0 <ii£j,ll ^upll (j^jLH L3^j (jnrrn 4_loL>J| ^jSJ 

^>bj Ujli*^ ,54 IMj 36 oJ <bt Ijla (^Juw ,3>nJI ^iiliJ Ls^j 

dU^JI L$J 4-_ujL ? Ji iSjL^I Jdj^^ olj^JI (j—a 5410 

. 3 JU3JlU OLj^><-It CfatAjjJ 
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100 .olji 10 ^ ajJ|JU ^ a*^**^ Ufaj Lu! Joi^j 

aJSJI olji JIU ZjAc ^ aj* J* 0 \j t Sji lOOOj jjj 

oL^JI 5» Uj> a_ujUJ| L^Ws cjIjjJI jl ^.^ -M ) 

3LpJI Jl^iVl ^Lc o! J>SJI <j£*Jj t^LajJj^ U ^JaS 3 jV.M tjj l .... 
^L^it « ^tnUt l ljL^uVI j^. j^LUI 4jjJ^ ^jUl^j 

* L^fj (( jd>-^*JI u>^' (> 2LulMI 2L^1| ^ SLpJ) j-LJLl* 

4 JjO^JI u>iJI Jujuri «Lvj^Cifju^l^l ^L^a^Jlc 



tHLH^» oh*** ^jl^» OLj^j ..^b JJjLiJ 
1859 r UJ1 «g-l^iVl J^U V L£ ^ 4^ J^_ii «ijyi ^ 
c^a^LJI ujLitliVI J-^k ^ j^UI ^ Cr _^^i , t,^- Vjl^ 

ij-^iC ^LiJI uj-iil ^ a^LJI ofjLt SjuJi^ 4^ j S^>J l^j ^ 

H ^ " 'T jJt L^jJI JjJU>J1 3« A„ ^ Jj^l 
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Sj^Jt cx^P> tj-~*K (otr-h) ut <>* *>■ <>-^ 

.^Uajdl <J£^« <ya (jjjjtj c-n^j -U^ /Oj— "^i 2 fWi 4^»Utij) 

J Uli I 1 ^ (jjjjlj (j! *^ub^l «d*Jj t( _pjliJl <_*j — lJIj 

, 1868 r UJt ^ fUUJI ^k. 3>* JjV 2131 j^J! udJD^ 

^liii JjlIi CjLjLUIj CjLjI^j^JI j-uu» 4jL£ ^LJii. ^ ^ 

(( >ajj| dUj ^ Llv^J^juJI f.\ — *k. (j-a (jJ>££ ^i^» <>=■ ' * "fo i 

2uaL^ iJl 5jLl^U *Pan ^ulijJI <>« .(Pangenesis) « <>L5Ji oj^I» 
5 >Sjs <JUoj| t (Genesis) o-jj^' t> f t>* J* 

L£UJI l_^piejj ui^TI (gemmules cjL^u^JI UU— ^) 

\ „.^j.^bll Ja>JI ^Jj J2US3 ^>ai cjIjspJI jl 4 2uL_u,UUI 
^^Juij ^1 j «(blending inheritance) ^— j>Xi ^ W £^>*^' 

^ L*J>» Jl4J 4_jjJLll ^Lfl *^LJ^ ^UiV (jrujl jUoI j— 4jI 
^jIjlu oJlAj i.ijla J^Ls ^1 oyiu 4-aUJI Jjvjj 4*L3JI SJb^Io 

LJI v li*iiVI JjjjU ^ c ^ u l— Vl ^1 ^ UUj 
UUj ^jjJujju L^-^Jj^l <tUIt ^ jua ^1 ^JJ LJ ^-^=>y Sj^AJI ^ j-A ^1 

^jSL^j V jjU'ttl (j? 4 ajjuai. j^Ju Ulu <(j JijU^UI *-a_3jJ.I oUhj j^Jl^tfl 
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Oli 4a5U Ju) Jl^Vl t( ^akj| M L^>U 2ui^V) 

4^L^ ^^UiVI JtU ^ ,(*) 3^ ^ ^ ^ 

J^l 6» iA (1900-1827) D> ^U ^ cuL-^Jai ^Vl 

j^yi ^ . ^ij^ ^ c ^>ji ai^ ^ aicL« oi^uu 

3^ «ot oj m , ^ » ^ 4j_^UUI L£UJ| {jL 43ji^ 

b^i „SLp^ | ^ L^LiJi ^ 

^1 <Uuii c^jJI ^aj ^bJI ^1 

^ crS-Wl vL^VI j^kUI ^ 

al 1838 r M ^ (1881-1804) ^LiL, ^ a^j 

uLi-i r UJ1 *LM^ <> 2Li)> 5L3LUI ^^iVl 

<^J c^j i| .oUIj.pJI J^iu 5> kU| ^LWi o-o (1882-1810) 

dU ^1 ^ aai3j oj^ij (1867-1814) U> J£ 

(1902-1821) ujj^ Uj^j ^| L^li 

jA> * 1 858 f UJI j^x\ Die Cellular- Pathologie cj\^ ^ 

^ ut ^jUJUU li| & . jUill ,V> 6 LJ o>L^ ^ J^^u 6 KXI Lu ^ (*) 
. Richard Dawkins, the Blind Watchmaker «^Vl oLzUJI ^Lu»» , jjl^j ^Li^ ^li 
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1*11 fcjU 



a 



^ <Gl Ijuk ^Ima . (^ tnU» ^ 

( *° ^tSAjI >Ji J& ^3 «iJill oUL^i ^ f U* ^^Jl 

^\ <-Uaj <L>t j jr , j-a^ajlj^lo ^jJtA u_kl_££t 4-ti-> 1879 



^ VUI oL-^ *Uj ^ ^ aJWt liL oW^ 

j! 4JLl2j>JI ^ lju>- 5j_l>- Cul^ Jullj -Slyil Lj <_djJUJ «Ia — l^^JI ^ 

(1922-1849) ju&jt* jlSL-jtj (1892-1845) ok** ^ 

jU*2i3 Lryd>j ,JubL - A? ( (U V^ *" cr^J U^LiJ 
slyjl (1915-1843) ^ul* ^Ij^jb^T^Uttiatfl 1879 r UI 

IfraJ-Vi 1 d J ^1 4j^UI Cl Un^t l l >^UjJ i U i i.t l CjLuj ^ tij^ 

^bJI oLluUs ^ ^ J* 't^j (1910-1846) 

.^j^ .(1914 - 1834) jU^jj c^ljI JkZUlj .IJiJI f L—Sil 

.[Sjj^Jll] - ^UVI oU^JI .Reichstag (*) 



268 



^Uj^ 2jUI ^ /Hj^ ^| ^ oli ^Vl 

4^ SjJj ^ J£ 4aUJ| < ^ f 1 4_J^JI 

^JJ3 ^1 L>UJI j! cdJj^^b .^^J) CiLLu: ^ 

^jUUI JIAj aijJI ^ 4^.jU. ^ jUV S j£a ^ 

>^aUI Jj^lo ol^iUJI (jVl Uj4 j m. m jf c. U A V) 
Ji, ^ d>Li£VI i j| jlu 4 4J^Uiil LMkll ^ DNA J ^Ul 
e^i c*jD JSLJl. SjUd 4^1^! ol ^JlUI ^ ^ ^jis ^ fji 

o^j) idij l»Uj 4iU« sjlJ^ji ajijt ^ j^t 
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,£^1 j^b ^^J^^J^ 

4^11 ^Ui 0^ U^j 

^Ll 4^ oSjIl \jJb^J^> M j>jU *JL«UJ! ^5LuuSJt olo^yt ^ 
^k. jjJJl >a L£L: (1935-1848) o^ulj^ jj ti^W oL-^JI 

Ja^JL cil >Lo, ^ juu < 1889 f UJI .>>T J! <J^v O* 

W)U JjL^ ^ jlJI (Intercellular Pangenesis) l£>-1»JI 
Oru ^ . L>UJt J** ^'^ Sjj—^JI ^o-jjdIj 

o Lili ^ aijpi J-^ 4ai^ ^ oIj^L^JJ c&3 Sj^' 
ola^JI <>» j— ^ -> 0-* ^J> O' ^ V U fcJ- 1 o' 
^hJI J«JI «Je* O- ^'j c^bj J-*^ ^ ^ J* <*«LmX1 
«cjU>J,Ut» ^Ij^i J-l j* cr^-J • ^ ^ <J\ >^ 0^ J s " J^> 
LiL^t Ui^>3 (Pang) 2uKJ1 (cl^Jt) cto^l j! (Pangens) 

<x^x^l ^rltn^c ^ SLSiSJOj .(Pangenes UKj a^^l^VI ^1 
^ (oO*-h) Ok>i? cjUIjj Pangenesis 0dj£^ « J*J 
^U^J p ciDjJj 2L^lj^1 J-I^JI KpA* ^ fu—^Jl o' 

«2Upo> ci^UI c^j^JI ^ik^l U ,«Pan <>L_<i - J£» ^Ul 

.^1909 (oVb j* o- Jib j' ( Gene ) 

c-JjUill <>a ^JLuk« (j-ijl^ J-> l£>^' £lm\11\ Qj2S\ CjI jmu.m ^ 

^1 iSjjiaJI L^l^U- (Plant breeding) cj^^ ^biV 
j+c (o u j' OjJ j' ^L^' ^) o^L^>- j5T ££3 o^*f 

(genetics) «4j1j^1 ^w^JLLa^o jul» U^^L_«^aJI .(1926-1861) 
jj ^1 . 1899 f UJI J>1~jj .151 j^JI ^jj^ W *--b-> <^ ^ ValJ 
Ia^Ij^ slJuju ^l^ Uiuj .>£Jli j j ^ r" 1 o^'j^ 
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r Li ^ a^JI U«3>iS ^ «1865 f U)l (,/1, ,y,ti j* 
.Wij J900 fUll^Jk*^ bj^^^jj^^^UL^I^ 

**~JI L^ifl tJiJbj ^1 oU»J| a^ljjj SL^L,! 2Uu*f 



t> 4it *^ Ur&3 *>AiiJ 4loitjJ JUu ^l^ Uiu JjlL* cbUjL, Lbwi 
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^ ^ l^j &\ J* <-i-^*H 

^ J* o- 1900 f UI uiL^ttl ^ 

2LJ5UI* oULi^i IjL-yS l>* ^ ^ 

^"uUij ^J3 ^ & *^ ^ ^ (Unnean S ° Ciety) 

^ 0 K ,1866 r UJ1 ^ oijUil gStii Ulu * 1858 r UJI 

tfb 0' Jl ^ ^j^j (Jj ^ ! 

Ujl^i ijbj ( V^jt j j-r^» r W 

^ .VW» ^ r> t 1 ^ 5 ^ b 

j\ ^ ^ *>• ^ w-y^» ^ 

^ U Uj£ <^t ,4JL^V Li. 3j-^» ^ ^^-5 'J^-^ 1 ^ 

J5(j! ^ oKj ^ Jy^b ^ uu <^ ^ 
22 ^ jJj . Lj-^t c> ^W>^t ^ ^ UaJ1 J^^ 11 ^ ^ 
^ oiliAj c^S c^O (> ^Ji^j-^ t> 1822 

jL^jl J*t o-' o J^t 5^ ^> 2>-t 
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•letihi* 



(^uaS Aj^jlHI 2 — <-ujjJLl ^Jj J^uajJlj ^ jU'itl < _^^LiJ ^^Vl ^ 
.4**Lfci] t-flO^j JjjII ^ 0 <Tinliitl JL^*Xl <^jJ jrT<<<n 

f UJI Jjdx V ( 2LJUI 4jI jjJi C,_al^ 4~>L>JI «jt ^! 1j— kjj 

ijc-iijuJi fjji ojJJU J — o-p-jJI J^jJLl tfjLicL cjj <^<tb 1843 

^Ul 4jjjJb}Ui 4jI — uitjJ JjJU «UJLH <jr* "* 3 ^ys J-oJtJ 

juu ^ * jjLjJLI 4-j^ilfdl 2L_^jjai Jjju <*Lw 4J3_L<u J^.j 4 1848 
Ot L^Li <> c^l cuUU^V! ^ Cilj-c Sjl^ j oUUlV^I ^ 

. t^jLs JSLuoJ Aju^oj 4J 
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j^j . 1851 f UJI ^ S J>^ ^ 

ji&cMs*cA ^ ^ :u ~ aJI <3& ^ 
^ jJt 4J .(1851 <*UJ1 j-^l o* od>^b ^-^J* ^ ^ 

oLu ttij^l J**. ^i>U) 1856 r UJi ^ J^- 

^ 2La^jJlj Sjl^-U 2LaUaJ! ^ J ^ JI cij^b ' ^jb 11 

J^i a^I* Li»l_j^l ^1 4jjUJ «Gj&j ,aJtiJt ol>LcJt ^J^ 

jT ai^j j-^j^i <lsjj^ t> c>^J T ^ ^b 2 -^b^ 1 
<^&ji J* u-> ^-j .jtut 7 U-^j b-^-* 35 

4 slJjjJ 12835 I^l. citil^l ^ gji 28.000 ^* 
C UJUI Jijj .j-^k ^jlu ^jU^ tp-« c^' 
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2le*lf,»llf 




4j! - OJLhi^ U^*J cr^' ^LLaiiil oJLAj - JjUua Jfrfl»- p^*t LbwtliLa 
^1 ^jLUJI ^aitJJ Iji^* <L)jU^S C^LjLh^ tl^*L£ 

JL>J Juij La£) I JL^J t^^jjuja CjLLl»J1 j^iajj . « ^LLl^J I » jJbj *t±<JjL>J| <L<i__<-uLi 

— u* -i j^la cjLj (jSU j • 3j — Ijjju 0 U." ^^iH R 
^jt oLu^JI <> ,U !ft j ^ ,SR j! RR jl SS 3 ;<oU ^L^LJpIl 
jt Phenotype c^lj^uiJt ^) ^\ ^LjJI ^ t d .-r, ^ , *o; ^1 
^«uU jL^^U.SSjfRRJ^joLiJIo^ lilj.f^UsJIiWiJI 
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ftl jj^ <U Ol^l cJu^ ^ 0^ RS V-^>- 

^\ ^ S Uiu ^Ij^a R ul M J-*^ 1 • 

,L^yi J>U. <>> J£ J) JjlU J^j3 .Recessive 
obLJJt tit) RR obLu o* Sjufcl—UI <>> *JUJt ^ Js tftfl 
£2 a.^fc ^) SS obLb (l^-ii. bj^ ^ *^ & 

RS (SR-RS) J*^o*3i±«J A$*J>*<J^ 
{^^J^RRl^^1jRR,RS,SR,SS 1^ i-yl 



a,...: r b>U giuw ^jJI £^ SF^ 1 r 1 — 5iVI ^ 
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^LOaL» <dUiT ^ jffl 

JoLa ^Ujj jjij^C. cjtitlil pjj 4 1868 ^L^JI Ji>^- t^JJ (jSJj 

J-J-J (j f JUu Sj_JjL>. AjjLu CjV^ uu ^bjV «Lat^UjJ LuL>. £ ^ U j ,^_HJ 

.^1884 jjLu 6 ^p*. ^ILc <Gl <>> ^^Jl jjJL ^.sLlJI 

<— >jJ^>- S jrt . j^ ^fl] 2_j — uiLuVl ^-uLUI tCjLaj ui^aj^JI JuJl>u ^^yic. Sj^Ll 

(^ju ^^Ji. Sj-ljCJI 3 — jjjtill SjU^tl cjjtLkj .^ySjj^JI ^jj uiX\ ^yit jjt-."tj 

j»L»JI La>»jJj£ ix«Lfcj (jl^pJI |U*J tjLluil jUiJJja J-*CJ < 1 866 ui 

1904 

ojlal ojjf J-*CJ tSjLstiil CjLV^U L7 Jla^l\ ^\ uJI (JiJl ^jJI CjjSL-uj 

«uU^-t JuaJ <jt£j iioLLua I n , ,i a ^ SjaIU oLjV^J >Luaia cAaJt <>a 

t>» JZlu j^al « Jxl^£.» S j£a ^Jl J m , uu <Gf ^Ij (^jJI i^jlj^l (jt £u 

j&Aua Cjjjj^ t_j^LuiV ^ Jj^ j^UI Ijjfc <yi a^oj . J^o. ^1 

La (jjtj Laj) ^^^bj^SLIl >&Lj ,3i)uj 1 — <u£ ^Aj — ijjT 

J>>-J U^ 1 ^ OLcjJ^ ^ rtj .(^y^ljLlt g-^l' J-«^- 3 j ^1 LaLI u Vila 

.SU>JI (ULt ^ ^UJI JSL^j JJsJj Vj jj cjbLi 
tjr^s t(Drosophila) SU—^JLI jji^ti ^o^J! i^UJI 
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a .. ,tj ,j,.,"i^.t.t j^_j^JI J—Aju LUr t^jl^ ob '«L^^' 3 m. Li» f — Mi V I 

<>. ^bJ! J^t <^~il 4±*K 4^u- jUflSSU t jla^ Jju* 0^ L*^h? M 
IjUj <2Lu=JU- Jfifc>. 4j^> .5j-a J£ ^ (J^*^ <— lila j_xiaJ 

jlast 2Li^ o^j>* c^' c>* W* u- 

JUJI jJk U£ *2UoL>- 4 i<\to\ <U O L» j — L^^>ajj£LH aJJt> <>a U*jj (j b 

jrj>JI <j£ Mij^Uai JSL_iJI ^ SJiUl* jrljjVl <> Sj>il 
^ <Yj X «Jag^** ^^M ^l JlSL-i^l oIla ^ L . tuuu hj 

Ujj U5I J J*^ ^LiVI L£U ^>U1 lYY J < YX J lXX tr^ 

I j} «-jVI^ Y jtX d^j j! oSUjj t ^Vt (>• X fj—u^j^ J-^ja^ 
. I ^0j<j t u Y lijj i^t uj^-« 4ili v^' <>• X ^J3J^^ 
l-jLjJI I ^oij < h «V^l j? 4K IjlA A^UJI 4^X1 5j_S^J! 

Vju r 1 ' os^- 4 ^ U'^*. 1 <^p- ^ — "»ljjJi £jjus^> a^uji <_jL)j (jh—j 

. La U^. ^ Ioa (jSJ n£j».\ SiLA iuVU j^jjj .Sjjjlm gjjit c>-^y (**) 
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(Alleles <u>L_JVb 

(j! ^ ^1— iVl aiuaJI Oli „Lulu Oj^ 

J}U* J*jJ1 *JLo1 j-* ^yk. oLc-jj-* Vj^' ^ jla 

•0!y*-LJ' c-OUaJI <j_a Jj> 4« OJ^J '6i>— ^ <>» Cs— 

4jT LJsj! Ct'ar^ jTj *tiiJ — uJl [yi 4 tU^I Jf^L» ^^ic 5^jJu^4 jjjw i2jL-x36J 

<> JLLJjj giiij 5L^15 f btUV1 ^jUU tt ^f>* oLaj^^j^JI 

SjLcjj J^LUI tl)JJL>. JU£. (j^u L^laju jjvjVi ^i^i 

O"! — u*Vl (J I — uiJIj l_Ljj!£J| i I Jufc Ll£ i JlcLISj ^j^- t j j'^'t 

4jI jjJI Jjbj d^aj^ jL^ji ^jJI O^jJI ^La lIljJI (jjJJI JMi. 

j — ilu Ii| 1 1915 ^La-ILj ^JjJjkj jjSUj Jj — la £-$1* <3^j ^ j 

'j^-^ -CJ- 1 ^Lp — <-"J 'OjLLjjjo— ^ .^1 4>Ujj fjlL j^a 
J_>-d!jj -«JjJL« jJLc 4jIjjJ1 4uJT» (jj-uJ,! <Jy <j i f.^tSLtt ^jb^ jlToyi . 
OLc-JJ- 4 J^j'j *(1926) «4 — Li^Jl 4j>taj» <_jL^ «-oiJ^J 

^ J^.j .1928 ^LJI(I j^y^riU Luj^jJl^ jl^w) ^JLlUL^^.JI 
f Wb^V^ J* J>^ di* L-^JUJ^ cr^ lt^j 1^33 ^bJl Jj^i 3J— 5U 
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Uj ^jJi ^ft^iJl ^1 <>a *(*4^> 6-* *LSli^ J^' t>° 3L fli"'^ a 

30.000 ^tjp» jJlJ' ti^ d& J 1 ^ • ^ d^J ' ^ 

stfUL 93 ^ jg\ oh-« "j h^» (A^lkJI cWJ I ^1 ^ lu». 

CrLy Lcj ^IjjS/I 3 , ,nl Vi a (jf homOZygOUS 3j nir-w C»Lll»JI « JUb <>a 

t heterozygous g\ j^jVI 3 >_jUi>j <U<i'°> 4jUL> 7 <j — « JSl <jSUj . j — <1JI 

Cj\ ' t ■ •**' j * i^tt La £ JciLl (JjJL>»j La ' ^JjLj L^J <jj l pOtll 

(w*».'^* (-AsbjjVI «LjJuu La jJb Ijuk J * L»J^u <jr iIifcJ ^i! ^ C-t^t-ujJ ^^iJI 

OrySI ^> (i^A 20 °° 2 u?0 2L ^ L 2000 

... ^1 -Slo^l Jla) U-aUl J^U^J A^UJI JL^S/i j t ^ 

jLuaie ut Jl>JJ V <Gt tlnS'f» ,jmjl1 Liajl 1 jufc 1(^3 — ILJI J >^r>H ,j, — B 

^jJl ^IjlJI U^) Lio» ,jUjLU1« ^ >AJI t> jLal 

i(3jL*.l j 4 — uaj^J £ja L*^jV JLvIj ^ — '/.£>■ tU ^j ^ UJ^P — ^ 

ijhj M^itl» L44JJ La Lajj I liLc jLuaift — u> Jlvjj V 4jI L-bj! ^^-uuj 

J^aju (^jJi ^jjjJI L yi£. j-iijja ( Juftj i JUJUelJlj 4j3JlILj 4 < « J*l <jy li j Jl (U o?tl 
J-^J 1915 f LtJI JUU j! jI^L Jbl^ij .^tnUll ^lieliV! <U>U ^j4ifl 
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'^Wb cry^' 3^l_c|j t>aJL>jij oUj-^^j^i 

JIJUI ^ iSj^ ^^^j . I d oL^j^l JiJj^ sl^JI 

>£t ju* jjis. cj^L UiUtil ^ helix UjJI ^JJ J^u^JU Jj^I 

(ciLjaj^ L^t <l^Ij) .(1895-1844) ^L-^j^ 

, 1844 r ui ^ 1837 r ui <>« Jjb ^ L^yj^ij bi^f 
(cyj ^ jjj uLill dLj ^ Jli ^ J ji J_i 
tUSj ,1872 ^ 1857 ^.j^ Ji_i ,(1904-1831) 

Ih 5 *- tf^l <3M t>#» <>■ o~^* J£-A> ^fitaj o-^b 

'o*^ *~>L*j JJs J j L ^ c_xWI ^ jJI j 

<>( 1895- 1825 JjJL—l* - lh^^ ^ 2 ij>« a * J ' ji/M 
e^l 4*.|jjt m ot J** 5dj--J s>* <^ ^5 J 869 1868 r UI 
J3W <h y . 1 872 r UI ^ >T ^ ^Jj J^l U jl^ j . jjL. 
c^llJ Uaj^I ^1 ^ ^ >^Jt 4**L>JI ,„"i t jji^J 
j^Vl ( L^yjjuuiiJI ^ j^iuw c_tLUt J^kj ,l Jrj t j: ,,„;lt 

0- f L! afctt ju, ,1895 ^Jc^] 16 ^ JUltji.jy.^uu 

<_uj 5^ljOJ <uUia>| tjj ..m (jJili^J 4juiU. j jmaSj 
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JJi oiJjj 4_j^ L>U Uilitu VJI U>UJI ol J 51 ^ W*' c_^L^ 



oL^I <> Ijo^ bj-c U£ ^jLiJt S^LJL! J£ aJIjJ j— 4^ 
^jj^jj t (Nuclein) «<jjj^UI» t^i^j ^U! » jla ^-^i-uHSLh 1 ^ 6^ Uh^ 

UJia t( ^>-XH^b LtS*^Vb (jrV^JD^'i o^o^l 6-* cM 
2lu^ ^ USt Lbjf « n ■ V.<l 4XJ iL g>^l J^ 1 

J 869 f U! < ?ni/> J^laJJ .L^JJLh» l^T cr^ *Ji>fl — «#>aJ1 (>« W 
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4«j 1 1871 ^u, ^ dUi juu Ll^Iw dtffcJI j^laj . ujj^JI t S A 

<J* As < JjL» <> lili-f <jl Juu (u^t) (j^if>lU 

(«uui^JI ^ S. uiu i t ) Structural Proteins ^L^uJI oLiuj^JI £ J T J 

JjLiijj <_aLbi Laj <4^wJ| oLij^ai ^ jujlc J^. 
SjLli ^ «^jjiJI ^ii^KJI» jik^w ,1889 ^L*J1 ^ SjuiMj jl*T 
Sj^l uaj^ <j| 0 jj 42s| J j AMpSjj.Ciu^JI ^_Jj 

0*^1 <jt ^^^Jl *UwSj*L crUilid! jLi (> <V <>Jj ^ 

* U^i ? L_3f 4oL^ ysai ^liij^JL, i jl^ a. *t t 

SjUI (> ^ I m n , j 3Uj ,., l J I cjUjj^JI ^U^l 
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. IjlLu ^Vl u^j^JI o — * uW^ jt <> u ^3-^ *^SUJI 
^ajjj ,„t,l sjUI ^cz£^>>^£&j* jlSL^-y * 1885 r LJI 

Ijuk .H^tj^JI «j-a-JLuaiJI JU^I ^ UwT it- umV.ti ^ <^-^ 

(1939-1856) o3-^k3 iA>-^ Lj^j^H L^iu 

^jji. t£j — u^"^) (j Jto^t l 

JLa ^1 S j£X\ j^bj j1 J-jS ViU «J^ 1 lA? 

(RNA) lipij (DNA) ttall ^IJ Jj^» ^ tM» 

.(pjjjH!) (jdi^UI 4-uj JuJl^J JjJjiaJl Ijuk ^Jlxl ^ ^JutJI Jl4^I 

ju ^Vi lP*- ^ H ob) V— *M ^LiJj 

--. JMk. Ijuk J£ jjlpo jlsj t (U^ *LuJi ciLJ Jj^sUj 
5^. ,.. l„Vi 4ijii (JtJbj jl_ „ ,„tl ^ ^ t Ribose j^l >JI DNA 

(*) Jenaische Zeitschrift fur Medizin und Naturwizzenschaft, Volume 18, p. 276. 

<v,l£ .The Cell in Development and inheritance >^J1 ^ SaiiJi» :^lj_i*JI {#♦) 

4jjL»o ( jlii.j> J « ^ u£>i*t L?jJ' f^SJI o««5jL3 W*>^ u'j^' («^ 1 ilj— «I ' "ll ?. 
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«l«*Jf|»IU 



CjIjlvjj l^iaJj £-a oUu)j?tJ <— >L2^cJLXt *j — & JljiJ^ £)SUij . Lilj^JI Jufi. 

Phosphate cjLL^ ki^at* 

(jru t— iUU£ J**3 o — ujy* CjLc >*«-a <jf <jVl l^jju j — '■ j tgTOUp 

*LJI <UJj . ^LJjLia 31 Jib Ribos Pentagons JoyljJI oL-^Uk 

4^j^ju»j (bases) ^ ui3 JlSL^f s ...^ ^ j^Joj 2 >p-Vlj <iUliJ| 

(cytocine) o^jiu*Jlj (adenines) l?uj.iV|j (guanine) crut^UI *Uu*L» 
'Ummtt Lp.j3 SjLc L^Jj jLiijj i(uracil) JjL-u/IjjJIj (thymine) j* a AJI j 
5 n <jj^j iijj>ij <G,A, C, T, U Ja2it ^JjVl <-«p*VL 

Jl^Ijj . L^jj jfc J 4 — Atn'Aa *<U — i «1 u< II ^ j£ uJI CjLdi». (jA JSLj Juu 1 y'« 

^j^jjjjI^JI L >-a^>J1 Jl — Sj jj tj^jj|jJ| 4j — u,L4> ^ <U— u/l J-olSUI f(_gj^>Jl 

^ jJlj) ^jjjJI UU» ^Uaj jLSLj <Wi4^jj *RNA I jLoi^l j iRibonucleic 

o (OH 4j j^jjIjJI Ulu H) jri;*: — ui^l 3ji Wjj^ wJI 

<£j ^laJI JjjUJI *DNA IjUijilj Deoxyribonucleic ^> cr^jf 
jjjl ^ U$ia >^ j! (>« (*£,jJI ^ 4j! ^ Jiuii UjJI j LijJI 

G,(_yk, LjjlJI (^jI^j Ulu (G,A,C,U Cj k LjjJI t juil>dJI <j_4 
^(u^IJi^lJluTl^j^^JJI ^Atil 1 jla jj .A, C, T 

jjfc 4ja£: ^jj» j^f JjJ — uli) 

jl4*X 0 » i «jXI >^a*Jlj *(1940 - 1869) ( ^iijJ ( j«.n^ ^ aj— W 

^f.2LU*JI 4jUv <L1j cdUb d.<0> ji^j « 1905 ^LjJI dJjjj^ ^ j^jj 

jjij * Lj ^iJ 4_uLlJI CjLLlLII tlajljj 4 — Sjj_L> JljJaj ^ I JljIj IjjJ ^ Aji 

tLi. ^ .1929 ^Ull ^ l^ili LijJI LUc jjl». ^Ul 0 nV ,M1 
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(^SJ j>Lu» juii 4it ^jJL. ^jL^j .4j^i>J1 pL- Lftj^l l J5b 

SLoliji ^ £j_ixu, jI^j e^L_^ S^Vl Cxl£al Ujjc (j-^-JD 
L^a ,1891 Sjl*^LI ^LjVjH Sj_^Vi ci>*Uj 6- 

UaiJI . 3L^\i ^Vl j^uilJ V! u^i O^i ^ 

I jl* ^ SujVi.ai Sj^JI bM^) G, A, C, U <y> l*i>2 a^L_^ oU£ 
Lil_u4 ^III a^lL l*2uu JfcJjj Sj^U ot^j £jl t> 4_^il> 

jtoVl <>* **>J1 tfl* o**u»b , W>Vl a^l^JI «>» J* o* ^ 
U» ^ UjLu^L UjUU* o- Vju «j_SJ JfijAfSli c^L.j t» W 
c^»tj u Ulj jJi » 3ju2*JI 4i&* ' 1 ^ oV^ 1 

j| jcT ^ 4il>j > jSt'.tl SJUJ^, ol%> ^JL^ ( t*t ^ 
. I^jlJ! J^ 1 ^ ^ ^A <>* f U ^ * 

.TheTetranucleotidehypothesis (#) 
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4*3 <( 1941-1881 ) tZujL^ ju^ J>U<>aK_«UI ^Lii^U 

4^Li!l <_jLj j (j! LJ la <j£Jj . ^jIj^JI ^►-aacj JjjLiL* qC £u stjU 4_u 

<j? L^jSLcjj iCjLcLuj J^L>. Sjjj^ JLt>-t ^yJj (J<vi.fjj i^LiJI <_ iLi ^j^Lj 

diljJujj Jju Vj LlI < *tCTi <j f (j^-OJ ^ cAjuiuS\ £jj ^uLuI Lil <j-Uj 

Ulu *jL^Vl «-Jli ^ U. j- 
(yi j^LiJI JfSLAJt <jl Ju^tij^c. < rt(Vi<l j tj «iJI jut t^jjJI <-jL^iI^I ^>Lc 

L^jjjSLJI Jut ^j.5_u^a jL_j! (jj- 1 OLm^ ^_JU Ljj n<ill a.'l il> 

IjL^s ^j^Jll ^jjusI i4j^jjJ! cjIjjSLLI (j^a JjLSJI ^jJJI qa I^jjSLu 2 ILdl 

jftjj . (^J*J 4ILuj>J| 3__jjjjJ| CjIjjSUI 3J^I ui jjj^ j J-Sj jljaiJlj 

4J <_d — m i ^t» (j f (Jxa <jJij,l <Qaljj < (jla timi». lJu£ 4 ui^j tloiu^c cJi uu^j 

(-3 1 — u«j^VI 1 Jut> (j f Jlu t(4jjU SjLc. ^ 4c (jjJal i)) 4JUc 3 jo^l 

^ (1955-1877) jJljjjI (=7 S^Vl L^^jjjj^SjUI t^Lj^ 

^ jlc&jj J&ua (jfS (^^JjJI i_tL^HJVI 4_o<ljjJ Lcj^la <jL£ Jl3j t«L»oVt j^luu 

.j» 19 13 j»L*JI Jua dJjjj^aj 

CjIjjSJL! (>» J< mi JjjsIj j? L^J (jSUj ^1 ^.SjjIaJI dx*j ^ 4jw J_*a!I 

4xj-4jfcj« 4_mjJ (j-Ij IjJ — *c ^<u t(-Mrtj^c, <_ijL>o j^aVl Jjl 1 j^l c I .jjlsJI j 
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4J>LuJI cg.V..r«tl juu 4^ L>U. ^ uy (A Petri dish ^ 
**jjX\ J* 3-ij-^il 4^>**JLl Jj**^ ^ I j--* oT Ij^jj 'b 1 — ^ 

I ju* U o&j . UJjpJ ^1 *^>JI 1&1> J& *lpJI 
y 1 f ^ ^ l^uu LMiJI ^LSLij ^ s_jkiJI IV* 

Jj^AJ ijLljz ^ a-L*-7,"tl <jru Sj^U ifbLp 

. JM^^U aiiLHI ^ji. SLL-JI ^1 <ya . J5LJI *>*!l *>* 
J£ JLiAil Ijuk J£ tfjfj . ^ jlM 

j^S j^Jl Ijuk jl^j.oLIu^JI lJu^JU^ t&^t* J** 1 ' <>0tJ^LfcJ* 

. Jj*llJ - - 1 1 J^UJI JjJLr*uJ U_^U Laj^A <>ij j! *><iLxa <J1— 4^ 

r UJI ^ ,Ijo>1 ( - 191 1 ) JIj^a o&^j < aijll tfi-SJI (1972-1909) 

. UL ju! jlLu ^jL- <>• 1940 

jjja-j 0— t^— 3 cH* 1944 f W c^i J^ 1 
AJjj_-JLl 2L5UmSJI SjUI 4^ Ijjjl^ ^jJI <^U^I f*^> ^ urb^J 
^ ^jJI JU*j . 1928 r UI j/* «JlaLA ^ jJI J**U! 

2LJLUJI vj^ 1 U' j e^ 1 iflUJ1 v' ^ V4^> Lu**t* 
c-^-JI ^ U ^ I ^Ujua & ^3^1 ^o^^ '^H^ 1 

f UJI 2bj^JLt tiiatill ^jj ^ C&j . J^l_^JI ^1 cfi ^ c^JW 
^ ^jJI ^ ,2Lii>JI SjUI UiL» UjJI I jjj U- ,«j ^ * 1944 
^^..ij a j „u\L jl^iSU c^V I jjbj) ULc 67 j^l jJUI i^fcAt 
aLo^j^VU (^U^l ^^1 ci^JI I jla J!U ^ J^jJtij 

ii^Lij 3 ^> Cfti^J 6^ ^^-5^1 l^L'J VjJ>> ^ (*) 

.|»1940 j*UJt ^'j >^JJ t> 
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dlj^&jJl^jj^ Ji^^.LLua^^li.jLi - 1905) 

Cj^aVc ijr^j (tiu-jij^ii <l11>. (^jJI <^t <WiM ^Ld j-aj 1928 ^ L_*J! 

. L-ujjJ^ 4juaLv u B 2LiqjJI 4jLx*. 2U2j u ^afj 1935 aI sJI iSj^af w « 

ILtilob ^ilij i^LU! 6j—J& JdL^I j^iij jl Ju V LjJI oLir^. j? <_3j^_cj 
^ ^yUl) Chromatography jjj^JI ^ «Lial ^pUj^SLIl» .(jl^Vl 

4_tjjlJI L^jU j SL o j jJim 'n <^4>> (-ujjJLl <_>jL*lll jJua ?jj U, ...t 

(jjtilaJI JjbdlJlj — M tjlc. ^_l>J| <_-uu£> JU£. iaJlatil L^jIcj <_j ut>. 

CjLlulJ! dJufc J i ^ rt j tf^^Laj^ L_flLc.jl ii ^LLalu-ulj , 2 ,\\ Jjyj S * .*;S\ t 

(JJlsej 4j| V| i<CL_<Jj.S C^J £$j J£ ^ I JL>.| j <j}j Ljjdl (jJj^J jl (jLjJ 

(jjLUl Ijjfc £_a ^jSLIj JsJju SUllieJLl UjJl <>« J^wj<>j JL_j V 

Sj^^LI ^Atitil ^jVl o\ J^-jj . UjJI oISj^ 

Ulu l jua> i(purines) cjLLjjjoJI 

^ L-bLiijLi, ^Ajj i(Pyrimidines) oLuju-oj^JI ^ u^uuiJI j mj'jmU 

(jJU^j Vjf jLtijj .c_aU.jLi jucIj^ Laj^ju» ^xu>t Lo 1950 ^UJI 

^Ln^-J £A Lut J ujIa G + T LjjJt tjM <JUlC <j£ dJ^VjIl (jJJJ^I <Lb*£ 

LojLu (l^ T 4,14^ A iL^lj iSj^jIl C + T (jj L tjaj-LiJj 

•l^JD^'] ~ 2002 jjjjj 20 fjj csJjjjj-u ^ Ljl£jLi (#) 
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LM juj . UjJI "jjj ■*-*< double-helix structure 2L».jj>jJtl a__uj^JL>Jt 

.^jjt j£JI 3jjJ <- < iif fr L o Kl l l <p . tflM» (J7 jl\ 



(^jjJlJI JjJujJI ^ dJk^oJtl JoUjVI jin.rt* L^IcLLalwil ^ ^u-s! (^SJI 

£jj3 o! joJI I jU j-^tU Sj^U LU>j3 «j ">H«H 

^j! J12j j^j ^ U5b tbJL*j 1_4 IJlAj *5jjdl J^b Oljj^jyi 

.gjLUJI ^1 3j— AUa Ll*— u^<j£JjiLla JicaLij^ Jj^jJI Jj>> 

idjjJl Jil-i 4^LLaJI CjI^jTi m. a <>o ^> Lui « J£ J i m i " ^ ^^j^^VI 

Ujj.-Vm ^ 6p <f>jL^ JSL-*iu L3^^ I JL* u? O- 4 (*A>^ <^-^J 
- Ijl jua j; r,rs Sjujl^ oUj^i oK-L j! <> ^jJ! .(Shells) 

^^JLjmu .SJLaKJI jj^LUI j t Ijuk (jj-jLjj .SjuliJI - jljll J^^jaij 
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sj^ui cIj^l a^uj) ^Uaij ajLw jtfoi* ^ cM^ ^gjij ,^,ti 
(yo^j .aj^iiii sjujo^j! l^jj — ^ joJj ujl^I ^jdj 'U 2 '^* 

3UUJ1 L^J ^tSU JSVl <>i Jlau j? c^JDJU^U 6^ *j AStl 
JSVl ^ J^tJ ttu*j i>t Cj!j Ju ^LjjVI jjjis ^ 3 . j^", ...t | 

*(H2) l^jjJL*)! oL_Sj> <ya dUj Jll. . ujlhSJI <> 5 ,^ JLl 
J^Lib Vj «atomic nirvana ibjjdl Uli SU-uJti^ ^SJ^ 2ULw ^ 

U^J UlSla U^La <jLS| >assj$ .«Gcja** ^ ^Uj^&JJ Jl^jj tiijjj 

5 >^ Ji-AJ ' o^>^c^j^I>-^'c^ 
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^^ij .a_uUJi 5j ,t,ati ^ 2l:U5j j^Vi Sj—.iiJ! <ya jiai <VL^i 

2iL^U otjuxj ^Lu <tuj>* juusU*U ^Lla-»^JI ^-oljitU jj— £H1 lL*I!I 

jLcj 5jI juJI <ys i^jjl^m,! isiai auisji sj-iiJ! ju-a js-A» ^ 

, 1916 r LJI ^ (1946-1875) ^ ^^Vl ^ ^L^t 
Covalent bond oijXJI <jru <jr*^ '""N f— ^j^J 

uJS J1*j (jjJl ' "--j' 2UaU dujcjt] oli />j — &j .model 

.Sjj^iliU 4jUjm>> Slcja^» <ya cjUj^pSUl 41^, ^ SjMc ifoLijtP^u 

lJl^ juJl^L jH* IjLAj ^liJI SjJL^I Ji_£U OAJ^N q^jl3 

^ 3j ^ ^ajj.U ^ <^l>£JI *(CH4) <j£^ 

2L^jUJI S jJl21\ I ijj .urujLpSJ} Full Shell 3j—^ L^l 
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Compound jLlab ^iL* j^j^SJI j+uu I jl^J aiajjVl 

{y* f-ijr^i jro-jjj^l oljj (>a jm^I jT 3jj LiJjui^l tjjj «maker 

.f - J- 

. 3 j n t U oLjjj^JI 1 jl>. ^jJu 
(Ionic bond)^jjjVl^bjJt 

CjIjJ II 4_> (J£ uu £)| ^>->- 1 <-_i 3J ljuI JL>- t_iLJi £_ aj 

(jLuVI <J£ — uLu (j? (j^-<u . ^.jjJj «<*>Hj ^j/mM ^yJj I JuS> Lu — ftJj 

Sjiill JujLselojIj ((JT jjjVl JoLjjJi ^u-uL JaL^JI <-_a>tjj t NaCl ^jUil 
^jJLl — <_>^ < n 'i a 3^ Alt jjjjLuj^I Xj <jt — (Jj-aAJI ^ I jj^s ^c.^JI lt^ 1- 

t _yit (Jj-<»L>JI ^1927—1859) (_^jjj!jjf cLuLLuw ■ t ■ " ^jjj — ^>.jVl 

jJ-ftJ uuJJ i 1903 ^LJI CjLjjjVl (JLpt^J <UL*^? (Jj^J 3j_jL>- 

^ rt jT> c-aj^Lu^ ( JLp»jJI \jJt qj* y<tl g-LloZS uul I ijj . (jjlt-> 

^tj-JuTLO «G l ^j^Jj i<^TI 3ljJ ^^LuaVI (jjjj^jJl jjV rit 

(jja i<J jjJSJI ^jSJj ,4^LLaJI dj_L>. ^ 3jj ^lU i(CjL^pSUVL> j-i5>t 

4 tj jlrt^ (iJJjk^j) «GjLsc uj ^3 Ljj^pSUI 17 ( JJSj V La <^jL>.f 3_p.tj 

(j<jL<i\£ £y*\) (Ji-I J Ifl*^^- 5 ^ U : a t ^4j| Ljjjj^j 17 ,JL_»JI 

4_L* jJ^JU (j f (^-AJ JL>-lj <(< <3 t j))j iOLjj^j^Jj 4jlj — lu (jj» 

Luir». L/ \£. (^SJj t (^^x3JI j>*aJI 3JU>) Lil&jiJI j-Lj I ^uK (jL_ b 
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Uit^ iij>>. ^Lui3 4^yL> a^ji^ j^i j^bj ^j^Ji l^j^' 

XH4jt H2 oli^l ^1 VoJJL JUJI ^ 
2b^!j ^ L* (^Ij^JI <> *Lx-^Vl D Li j^j 

: 50 ^1 J-- »nj <±m^j (j^tl unti Jal£U1 ,>» 5— j>» 2-« uj^" 0— * 

• ULiJ Sjl&Uu* J*^ (>* (Jat Vj) jXl c, mm t cUijj^i)! 
^ Jl>Jij . 2L3JlJ! (jj» jJlS &aUaJ1 <_jL»<o- 0^*1 ^Cp — 

J927 C UJI oLuUl uUU r jL*i^.l ^jJi oljjSJLl W*^ 
1^(1954-1900)6^3^3(1981-1904)^^^1^ 
Uju^ g-Luv e^JLc f >Lu & jJI ^L^J <^L>>JI £4^ 

Cj\ Ja^jSj «ig^ P - *. « (^Hftp^l t>» £JJ 4— J cn^JU^W t>» — 

j^t IjaS ^Ui oj^I ^1 ciU ,.^t< 

U£ ULl ^UmSJI J-*^ ^ cdJjJ 2U_UJI cuJUJj .a_all3 
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JJk /M Ijuk (jl JUJ . f.(_^>Jl ^JJ-cuuO ^^3* <-^J>< <-"li ^ 

.olj^LJI J}U <>* ^Lj^pSJVI J!u 4_^U. o^U. 

fjjt Lc.j-3 »L.<m$JI J — < L*>» #1^>-Vl J£ (^^-11 <_>-^* — <^I1 ui 
Luo»A^^J-(1994- 1901)^^^ (:? ^Vl j^^L^I 

f Ll*jSJ! <ya «I jj_j£jJ! J-tiJ udli jljj ^jjj * 1922 ^LJ! c _ r _^ 
tS±H i J iSj^ jLS^t << — ofju ^jJI ^LaJI jjkj * 1925 ^ UJI ^ — s 

J*" jbi *£Jii) er* J-^Ai; — «i t* *i2$]l o^*i <jr^3 • JLfcU^ 
f UJI <>a t^JLA f i— Jij i jj^VI £j>> (jil — C . UjJI iLuJ L^l u. 1 <l 

SjuoU. ^ ^jit3 .^_1>J j*LJj («-uiL USbjd» A<tj i 1942 L7 i^j 1862 
(jj - . u .ojj ^ f ^ cU^-J * 1884 ^1 — *J1 ^ Jl^j^-^ 

((jj^l 4jui!j LH I 4ji — ui] ^JL- Jju-u'Ij *(^t >» o^b^ ( 0 

^UJ1 tP*. jJlJ 3jl*L*j 1909 ^ I >li^i (J\ 43jyijuu J—^cj 

^5.1915 

^LJI «LLuuu ^uj .o-u^i 4ji — liV J^laJI ^LinJ (jji^j *U — «iV 

(^jJI J^jlII uj]j t^W t j^>a^ jLo>1j i^T^Hl J ^ t q it I^JJua 1923 



295 



t<L&jX\ 4jjjuajt]l lIiLjjJjsJI 4_lLj JLiJLsell ^y^\ 4ji <M _5 jj-w. t^.". 

. 4 <i g t, I (^ jft i « a ^yjj Jljlj 

juU ^L*j j.MjjJI (1971-1890) ^Ij^j o^-Jlj^ ^jjj 

J^oljil^ i^jAJjt ufi ^\ J — SIjI j«u t (1908 ^UJI ^ L$j3 £j — 

1910 ^ LJI *L>^JI ^ ^L^L^JI 4jIjlJI 
(jjijtjjJ jj^u ujI I jiSLaj i 1912 j»L*JI ^Jbjj (^i^- *t ^ 

^La^ 1912 ^ UJI ^ LuUfj^-^» *L:f O^Ijj UjlI^ 

JMi. ijul! jlaLA Su^Uu (1960-1879) jV ^ 

jjl JuuJI Ijuk J^fj .4 ^t.l Jjty La Lu 4_j l-uLL-o Sj^JU ^ CjI jJlII 

^1914 ^UJI ^ .UjUJij 

CjI^I — j^Vl C-ljj JT^L 4 1 mi! Ijn i,n JLp^l ^1 CjIj^oJLJI 4-iltJ 

.SjjJI Slji -i>>-J L>t '**■■* "'^ (jr^^J i(jJU-/jLa ' J '\jlj jjLc. jjLt Lblj^.? j _ ;f jJI 3j^jkjJI 
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IL-li cliLu- o)i ^ ^ ^ ^ ^ ^ ^ 
c>T o^l il ^ ^L_a^| j> uTo jOJ .i^U. ^ o)jiJ | ^ 

£1* ^LJj <ui^ ^XJ| ujji Ljlaj) 2LU*JI ^ a<j-i ati 

^ W U^I J-j3 ^1 tt!>UI c^^f U jLc^j ,(1913 r UII ^ 
^Uttl ^^I^J^U 3^^, ^ ^ ^ ^ ^ 

6^ k' ct^j ^»^1 ^ 4*UL_«JI ^aJI ^ 4i^uj| oliL^ai 
clj^l c& oULai lij ^| J^kJI 

t> C*~* oh- o^l a-^iV J^kJI ui> 6 f J>MjMy <5j ^J| ^ 
^ oljaJI ^ JU-Liil oliLJil ^UJ ^yi 
I ^ U U 6 Lc^, oLk^l o^^ 1 ^^ .3jJl 

U c* tfoil eM Ioaj ,Sa2U1 JSL^ji ^ 

Jj .NaCl 3,^ ol^ l^j ^ ^^1 ji, 0 | 

OiH-^ a« - 1915 r UJI ^ «^^LJi J ^| j^t, .^i^j 

^ o* W f Lu ^ J*ij .^i JUAf ^L^l ^ ^ ULi 
^ ^^ Jl V^KVl 43Lp. ^ ^Uil ^ t p^ J 

o^by c^. UAjUij sj^Uj Ijli ^ ^ 4_Jf 1915 r UJI ^ 

Ua JT t (L^Li 25) LL_ spUJI | ^ ^ f 

<«U ^ litL^t ^ 1919 r UJI ^ *t| 
^ «^^^ ^j-^ilj Lili 1938 r Ull . y. -am , 

ul ^] 4j JL, ^1 I^ju L^t 1 1954 rUJ , ^ ^.^.^ 

. f 1966 f L*J| ^ jlcL2j 
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1922 f UJI ^ ^J^-* ^jl^ 1 V*N ^ 

^ ,U Uj^j .(molybdenite c^u^l JJ^ 1 0^) 

^ l^SSli L^LJK ^ c> W-^ 

ijJt -ujJ o>i j3 . 193 1 r LJI ^ liU—t ^ J927 r W! 

jUj-^j . Wiu-li oii^l ^ JU-a-t ^ o* ^ 

^\ 3^1 ^ O* ****** ^^L^\ U 

J^t u* ^ £»t ^ ^ ^ U-^ ^Ijtfl 

Sj L*Jl Jl^j .^W ^ ^ ^ ^1 ^1 J> 

^ a_^ui iju* jiUj ^ ^ ^ ^ L - tjJt 

S jb>J1 ^ .^iSJ» ^ c3 

a ...U , cl^Lu ot-AJ» ^ ^ 1931 ^ ^ <** ^ 

jul^i Wu-^j «ywi» 

^ 3^ c~u ^3 ^ S & ^ ^ 

oUi <> LsL ^ . aJL-W ^ ^ 



^ U ^J^'^ > J- 1962 r ui» - 1954 f UJI ^ *U 
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t^ail .a^LuuSJ! aIsjIjJI *Li*^Jl - £jJ>> <^*-fJ cjI ..^1 tfju* 

L** ^>bjj ^o V . ^ JI cjl—SjjjfeU 2uc>iJI oIjlv^JI <3_flljjj i ^< jLat 

Ijuk .(CjLLuj^JI oIjlkjJI <Lii^1 <>U*.Vl JuSj) 

\\Un ,„Tj ( j>UjV| 1 J** ULp.fj -jj 

0^*y* <^jd>>j '(1971-1901)^^ ju^jj.Iu^ .t.fciljj 
jjj^ ^j^j ,(1961-1889) ^jjm ,„t f L^j .(1994-1910) 
Laj ,(2002-1914)^0 .(1977-1917) 

4*JjVl ^J^s ^ * J**]| ^pj) ^L-wmSUI »UUJ *:VJ^ -i 

Uj < (biomolecules) Sb^pJl ^l^^JI a_uj jljjl*iJ <4JLi]| 

'Lp^HJLh^' (jA^II (jJjic.jal.lj ^jrdj^Vlj (jrU^j^JI ciUj ^ 

4£jjJtl — .jiUL clj — lu tjUoVI |jut> SUo-ftf j^JLa (jLj 3 >-L=*lj 

(jSLIj ( j — dSi-JLI 4aje_ua)i AjLcjJI jrj «utlJ tfjl!iT ^ I 3 ; ...Ttl. jf 4_cUa)| 

(j-ua^f ^jJlj *4ja2nlj jj? JUjJ (^jJI d^pJI ( jS3j . LiA 4j5 ^jitj 

. Luk tfj^j (jrytl) ^jJI fujl jSJI 
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Lfi^JD^' 2 * a *b ****** 

f (Hydrogen bonds) «u^jjju^JI tlajljj» t^*-*-^ -^J ^ 
L£ - 3LpJ! ^Lx*^ 2L*^U - f LumSJI cyli VuUL ^IjSJI 

l_3jj2J ,4_uj^J| 3LpJl ^JLc ^ fiiiljSJi (JLc ( ^Jfcj tj\ ij\£- LaLoJ 

JL^jI oLiLv (jj^j - Litj^li ^ - (jSUJLl <>* 0^ o t jnJ<t t 

(_<r£j «j >htj la^-jj- 1 ^ Sjj J mm oli»^»JI 

L^Lof ^ ^sJI j u^-jtjj-^l <M j <yt 1928 *J1 ^ 

Jiul <>u>wjjju^JI lUj! jj <±.>-l>.) jJUJI (3^-° ij-*-^ 3 ^jf <<j>^' *^Lj-LhMj 

c-jujt ^ 2UL *^ ^lWl ifjb Sjjji ^Uui 

jr^JjJuVI ^jj (jJ* 4_tJLo/ SjLseui (>« LuaSLfl Cm nn^ l (^Ulj 

t jlaj .(o^-jdJua Sji JSJ jl^I j) j±\ ^ electron cloud 
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(•h • 



llMiSlI ^UJI ^% L* jLo, U J*^ r 

^ uu* 4if - oLu^ l^i^ ^Lia^, 

Fibrous Protein SLuutfi GUuj^» ^ £L*b * 

LUi) oLi>jt ^ a^uii JJsPfc 

li>L uj^ o* U2p- 0^ oL-iVI Ijut ^Ji 
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Jjf J^j 2uuit ^ ^ U^ 1 b-* 

<> Ijla J^bj .(^1 ti?^ ^ ^ w 
oLu£>tt J>U J^j * 1 928 r L^1 J* j jlJ 4JLBil 

globular JSLSJt 4^ u^jl^ 1 0^ ^ (iJ^' «^ 

^ill (Polypeptide chains .iiinul^l Sjj^l» j f ^Mut ^Jt J-^-L*) 

• CjIj£ <jj£*j 



. 42ujl* Jii ,Vi<V J^JI JOx}^ 1937 f UJI lJu^ <_o_£ 

jsl\ oLkUI afcto ^ul A*}^.* (Coiling) 

c^Lif 3Luli]l 2LJLLJI c-i j^JI m><^ <j*£ ^ c4 «JaIjj 5>Ah» 
^ jdl) y j (6j£ *~^) Luj^M* 

4itj drpjLh^ -^J J951 f UJt <y& e*~^Jl 

jjp U* CZ~3J^ *W 'J--* ^J^* ^ ^ ] 
jj^ jJ^ c#>. ^to^f 4j^JI ^Lu^< o^Jj .431^ 

.(^iO* (*) 
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<> 1951 jj^^aii^^j^ jij^i^^, u^ik t ^ 

c^j^-j <Yji*lf 4^^! a^jtfbn cUl> j^bb^ ^Uj» 
L^-^j ujl^'j o>L2i*JI j 0 Su > j| j ^. 
U<T «^UJVl c^-ij^t JSL-iJI» ciU^du^j .oUuj^l ^ 



JLUU 



^J 3 * ^^^1 jJI g*iJ| <ua^ ^IkJI t L^ui ^ 
.^IjSJt *Uu£j ^ j^Ijj ^ ^ a^? t -, i.u» 

O-ul» ^UJ^/I ^j^l JSL_^| 0? .iJU-JI Ijuk ^ ^ jtf, 

.<G| j Utfl JUl Sajjul o'jJ^j ^j-^ u^l ^ JbXI Ijufc 

• UJiJ 4KAXI ^ cJ^U j^T 

ciL^uujT dLJij < 4ai P J| s^UI 4iL . ,„f U£ OJL ^; ^ j^i 

• Chemistry jJijl (^) 

dL;%-Vi ui^f ^ s^ji ^ js^ a ,y L , aJ^^ (M) 
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jJu^ (1984-1905) JIjuI j ^b-M ^ cP^b ^^1^ 

£j>*JI L y&*J* ^ Sjl^Ij o^j^I J><wj C^ 3 gib* 

JjT j^f^jSj-JLJ^ J^ot<>0A>— " jLwi ' L » . "' J^) 
jj^l 1jus> «a* 2 ** 1 J* J-^ 6^J -«^» 

jjuj U ^ ( *\ 1916-) ^i^Lj c^>^ ^L* 

JVnj <>=. 4iuu 2Ll^ 4^Ijj 4j! ^ Ijuk ( 4W JL_^V 

^ .(1958-1920) urv-J^I > dnJIjjj c& 4-^' ^ 

iL y^\ i^il Jj-i^ fJjL ^" , mL» « Lj» U i<ulj lj>(-=> C^Mi] 4jL_i 4*b*L» 
c.^,,! LtfJLuj 4J_u <±jj^t ^jJI ^Ij^ ^LH^Ui^U^ U>^^b 

La gJjS^tf j^) ^^Jl J^b JUAJI 

<( - 1928)o>-^'iu^»e hriU — ^juu <: ^j > *t v 1 —^ ^ 

JUU La 3 jlAl a j ...IjJ 2L*JLa ^ 1951 f Ltll ^ £jJ^w£ ^ j>J 

jjjj ^ 4 UjJt *-lu L-aLV<<! ^lc Ij^U L*L^ J*l^b ^Ijj^oJI 
J^>.j . a^UiV ! cis j — uJI oteLSl <y^ * <s? _«i tfL L*» j! uij-^j ot 
>Lu»L>. Ujj& IjhI^I LJLU *>Lfc^ 1*3 1 j 4£jJlM ^ <j&- cr 1 *- uj^b 

jrUJ - 1916)^4^ jjuU-^^cJLLAj ^Ijj^jJ I ^ 

^li-j e^Lh^ £o.L£ l£Lj^ f ju . 3 nhrttl <^JLa, Uajl^v- (jLuVI Jufu^ 

.t-jj^JI^ LsjU^j U a^jl» pLj^iJI ^ ^ ?Ll»t 

.[jj^l] 2004 ^j3ST 5 ^ ^LSlii <^j3 (*) 
.[sj^JLl] 2004 jJjj 28 fi j aL>S cy-^^ <>>5 (#*) 
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f Uli <ys m.U j ^jjj^I (_iJb «SsLpJI ^ U» 4_J1 
^| l d M „ i i ^1 a \< AU ^utk^JI <JU <ui> Jjl— Djj , 1944 

jcUI J!l* ^jLaJI Sj^LJI cjh__t j^l (aperiodic crystal) «Lalaii* V 

UJI jJaill .CjU^LII c^l jJ^ll ZZjjL 4_^j 

U^J 0>*> «>> U^J^cr-J^ISj^^U-Sj^i^ 

j*^JI iiiiliJI ^ I tutJ bj. LitiM La^ 88.572 1> _^ 
'crt^J*"^ 1949 r L^JI^MRC sj^j ^Lj^l 

^ J^JL USI j ojSZZ ci^M, LSt jlu ( ( 1953 ^ Uli ^ SLuOaJ! 43».^ 
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uS-^b-* u^'jjj £j — c^J,L J-i^^Lj ch*^ 1 ^J— I^j 



SjjLilLa ^lj^.f UJ ' "**' ^ L^j^Jilll JL9 CjLojLla ^luJLt^l^ (j Lu V I 

J5I ju>JI \UiXt« L>jJJ J-*^ j I^j SjI^VI oLfi^i ^IU'.mI j « I jujk 

^jja <— Ol>J i (A, C, G, T) Jl-ujjKj (!l JLctjS jjo lg (Jj^>- 4n"Ul 

(j^ZLs» iSjLw Sjtj^a oLojJjlLII Ojljfj iA^jaa 4j>-j jJ l^jro ^Jj-^iJI Ijljj 
i LLp>- ^ • ^Ij^jj ^j>-I^j 4_i_uL^>JI jujuri ^jl^ ^ jJI ,jj lujIj (j f 

^LlII ' ^ j ■ ^ (jj^ (j ^Jj .oLujj^JI jj^- ^ i-utj j <j!^j£ jLc l <i mi 

Lr*"^ (J^O '-'J^JJ-^- (jj) ">» oLj^usLjjJI ^JLc 4jjLsfcj — >-j i 1952 

(3^1 jjj (j\ (^SUj LjjJI ^Jjs- ^ jujjjK i\\ juiIjS jt Sjil^ <Ajj£ ^j—L* 

j-II i(±ju3J^C ^."lu.luIj . £(_£_^J*JJ (i,l,u(L»jJI (J^o <±fj-^j Lo JfK Ui) \jla 
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*l«*JI,tlb 



*1 <^J *0^JJ^\ 4^1 4_L^)| Vj Ioa 2U^f 

* LLdl z^j+j «uLoaL ciij^j c*L£ ^ <j^u 1 1952 
oU£ ^ U! j UoJI ol_Lui 6j £s ^1 Stfj^i 

<J\ l0A <_^t jjj ( T, C <JjL^Xa CjUc^j G, A 4^1 



AGj^ <u!>«o. U^t .u Ukjp aL^Jo 4,1, „I, „ oli Cil^v 

I^^^jj^j jSL^^jJI AG j— ^1 J^^^jlsoA 
<>> JL^i, | JJU a J . i^LSu jU. J^i ^ r l J^VI 

^ *L:Vl OjlM . UjJI 4uL ^Jj <Gj 4J J^S 4^J ,> 4JL_^j 

fci^j^ t^fi * 1953 r L^J! ^Lb ^ o-^j -£^1 J_*~LS 
oaj . l^jLi cdj^j ^JLT <p!1j 4^f ^ ^ 33,,,,, 

UjJI J^^Uu 0^ 4i5Mi 4J Li3>0 LJJ 3, ...l.-S/l a.:.t i 
J^l 6^1 jAj) 6>— cKUI fuP-SJI O^J • 1«.™.» J^- 
^ 6^ U^ljjj (^| a^t ^ J>L ^ >U2i 
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^ Kj -a. ^j ^ jji^j ,j| c^jj^JI *Liaj ,1953 ^jLa j^— <i o-* 
^jJI ^Mill t-J^UI «j! ^Jjjy H ^ tJl "^l^j ^W-JI 

4jLiU JiiU» j— <^^l^^Jj^ crU^b^u— 

^ cr^ 1 ^ *W «>») u^-^'jj ^4^^- 

.^ju^^ ,L#1 UiiL UjJ^ ^jll Ujj^j >^ oLij 

jj i4t>* 6^' <^ c^l ^ ! ^ H c^ 1 t 21 -* t ^ ^ 
^^„^(jjcdjj^o^ J/^ 1 <1953 J-j>jt 25 



(jjSJLl J-S^i o-* e^^' J 'O-^l J* 1 - 4 t>* Lk^b 

4J UjJI u^A 1 ^^^^ cr^' o-^i ^«-^^ 

Oj-c^ljj clL^ 4rw ^1 ^JlI! j U JLiJ £JljX\ L^J)M J^J' cPi 
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La! — J!uj ^Uj^i-j tinKjIj^ tiu^tj <jLs mjjIjj jL>j^ 

0>^3ijJ c*L^ eiil — q\ 3 i4x\u^fli\\ LjjJI dudj UUj N 5". . * 
<Jij& Cr*-" LTSfJJ - OjlSljl J-^ J-*^ <jr^ J->- er^i ^ <WU 

t^^jjJI Ujjjj 4^UJ! 3_* — i? cjLUtfl ^aj^uu^ ^1 cd.^oj 
1953 ^LJI ^ ^-J^ ^j-iLc. jl 3jU — nJb L$ ^ c jriKj1 jJs> 

. r 1962 r LJl 




1951 iLijiJI ^lO^>J 1 ^^-wjg^uj 'AojZj jj""^ - 39 
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j^-Ui OrOW) ^ £^jJU ^ V* lK^ 2 

- j^aj ^ ^ .jjS^\ 3 ^h s W~u * — 

j! jluI JLl J-.^"j u* - A, C, G, T ^j-^^b iJL^j 
jik^j 0>iil oIjm .nol J>U <6f jJDJL ^^.j . UoU jj^L. 

uuLc^o^a (^1 oLx^ ^ J*^JLi 4j>£L« 4_u-oJI 

^ j! ^ IjlJj JuS *GGC jl CTA Jl* ^IjS oli 

at t i j^j *.j^Jt <j£ ^Uujl^ 1 ^^A^' t 1 " 33 «i^JI 

jt dLii» «lUSMJtl 2ULi*J1 e^Li lSj^j Lf^b ^ <>» 
^ j^kij <_*>>.V! Codons ol>l j <>« U*^* <jf U£ ^ 
UjJI f ? Lj jJ! iy L» 41^1 >A} U jjfcjj) U>JI 

^jl^uj .<**^J! 4j UjJI Ulu jK* J£ ^ (Uracil) J^b^ 

t 2Lulj LjJI cJlJjj . ^J^JLi cJjyjL* 1 ' '^a c^i a^UJI 0^ c^i 
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(jyi^ ^ t -Ltloj . jj — Laoil 4_JT 1 d 'J LaLu ^-tbl 3JI <j 4 {J\ 



6f Ju V L>UJ| f l 2UU *L3? 

j' _ 

^Jljj) \-us^C tLijLseJ <jl j I tjw. i.uJlj Vj * M-^-Ti j) i^j-u^a L^-st 



1-rjLj 



I l-LA £j*a lIi ,j_£jji*Li (d j m S^,rtj ijJI ((t_3^^.))^ 3jIc!j3 

Cy* Uj^- c*-* 2 ** ^Jj) 4_JL>. LjjJI <j_4 U^>. <j| oj^^tj 

< rtio lS (jy^'j i4_UdL>Jl ^.1 t^ojVI 5_>JU-£1 (JJjJc» 4_J (_uUlJl L^L>J1 

j^ljJ j_ual2j <jj j-«VI <jLb t Sji_J_aJI L>L>J| £. a LjjJI <ju& 

4j — uiJL>Jt 4_JL>JI doiLia3 — lu\ I jj ^jfLIj t (^j.ojel! I 3jLl]j J J Lili 4_iLui 

^lli ^yltl Sj^LUI oVUJI tiiJj u tjiUtl L_iLieljVl Jn^eli ^ <t 
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i^u* ijj^ ol .^wi ^ u^i^a ^ j4 j** ^ 

^.JLc tuLu^JI odL5^ JuJuseU oLtijj — uJl Jux» jj>ut J^>Jlj J-**-tl (J— ^ 

^ o' ^LIl^JI l>^ajJ L_^j oLUaJI Ij-o* o' 

5jl2*XI 2LU^ m^^I ia — ^3 J** 0 olii*]! 

LlA^ J* Cj^Li (jS^ 5 SjL^lj ^LJajjj 5 .jl»- (j-* ijJLJJ 

jJjLlu ^cj_t2j ^JLa lLJjJu «SLstU A-t rrj(. . ;1 1 4j*alJI ^ fU>UI 

<Lil ^J-IL» >iJ^ .<jU— <iVl J Sjjo-aJl (^jJJ J^UlJI fflA #tjj 

L^atj £+^J c j-^tj j^t J j'^^'J l£>^ tl^Vi >^ SjUI 
Lkj-P^l ^1 L_iLl!I Sjij-^Lj 2L£jjjJ1 LlL>j>9 ^Jba L_l*j;Ju 

oVLJI ^JQ3 ^tnUH vL^^l ^ jJI jj-L^I 

dilJLp. j! 2LLj3- Haiti! 4it l-j JL>- LijJI ^1 Sj-lLJI 

^ 2£UI ^ 98.4 ^j^ 1 J ^L^JJI (jAj^A? 
,Ur« 4jU,| ^ j 5 ; | j ^ 2u«Lc. 4iL LLustj U-4 *4jjI jjJI 

l^jjjLio J t LjJb j I JUu 3 nhV a 5 — >-j Jlj O L I j3 Ulu — ^ 
jjuuo^ ^ t' ^ , " > '^ r '' L^-^ J 5 ^ t* LiJ — I ^ 

jLc*ua .UjU-^- u | jJr k: LJju 4_uj^> 2uLaj SLgUu^ t^JLpJl l^M^VI <>» 
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o^jj «j^Vl oLii^JI cd^L_« ^a^U <^t Control genes <_^UJI 
6- 2001 r L^JI ^ ^j-^lJI r> L^j| {j+^la -u 

LUi 4i*i3 ^1 Li 6*1 ^ ^ju^^j ,A, C, G,T olj^l 
Juy . iiuj^j lJJT 250j^1 ^ ^ s^ia ^ uiJf 30 _J1 

^ t> ^ ""t j—V' ot £-^< JJ .oLl^JI 

^ ^ iy cju ijuui *JL^> ^ ^ 0 is_vi ^ 



313 



-^taU J2\ cAA^S c/^i o-^ U ^ ^ 

o* 12L*Ij1 ui < Wood Louse O^jU^ ob^-^t <>■ tt^l 
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15 



IH 



^^ic *U j <i, t f u ^ OJ^l 1 ' o<ft |.; 
O^La ^ — L. SjJLaJ! :<jr; — £1 (jh t*L*f ^ 

a-o^i^i ^lj*: ^ jU*jSu a 't s>*i .i^tj c'^r 3 ^ 
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^ L^Lil ... 1. 1 SjulLs J^i3 l*3li Triangulation 
LUr 4^1 Jj—yi <JJ-> l£jU-^ c£*i ULu ^L-dUII aiaLUt 

juJl>^ J>U- ^ j , e_9 Jj 1 ^ base line 

^j^uji <^>u c>* J^y 1 ,%_L^ LtjO 

^} a^oilL ^ 384.400 4^1—^1 oT u^J 

<JU >Uu<^ 1671 f l*J1^^J^j.^^ol_^L^^| J^jUI 

i:Li ^ ow^ e^l (1696 - 1630) £ ^ ^ u— ^ 
SUali. aj,„;TL> £j>XI Ju^»j *^LLui ^>^! &up- t ^L^j-iJI 

."nfiU. jl^j dLU (1712 - 1625) UiLM jjl^U 

^ ^ 7 3, j lUsii J£t ^ >J1 I jukj 4 ^ 140 ^— 
i>.jj Jj! _>jl_^ j 149.6 *ty J* a_^iJ1 

,yu L* Uli c,*!) 1769j 1761 Jlj>J! sp* J>U. s^pt 

tJtjiiT cuj!ju>Jj t (AU- Astronomicai Unit 4 S^^JI — ^.U 

.auuiA-sJi a^^jai ^Li» ^ ^ 2 ^ ^ 
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^4^1) ,^1^1 aMl* Vf JU JLm 

L -*>*j (l^J (It^J * — ^ J^-siij J^aJI UM*^ ^ ^Lil ^ 

,UJ ^U. ^ tj4 ±i l^jL 5pk jt tL ^jn\ 0 t 

r j*u!l ^aij* ^ .(AU a^la Sjl^j 2 j?) ^oj^* 300 

^j-— ^j^ill ^SjIj oT * I JSI^Jl ^jLtLill 

Uli* uu; j^a^iaii. <JjU* ciJjjeii i^Kj j t 

ijiii. JjLl- j? ^ jj^^i^i^^o^i 

^ <^t <^ s— **T u* j*— «-j >* .(Parallax 

jT ^*^\ f^j^ll ^UsJl Li^2iV( oiUJI ,Uk. jj^^ .^j^l 
c^i ^al — uJLI 4jL A second of 

U>j^ ain ^ < hr^ Uz^uu JL^Ij^^^^ jlju^ u r ',^| (j^ 
300 AljSo ^oJ! ^UJl cLitU 0cj-4»^Ut cn* >LJt ^ l_ul5 2 

JjUj U (^I 3.26 juu ,„ ^**iJ| Ijla J!u oli 

^ a^jj Vj . (> m!ii)l jruj LLLu SLI^UIi a^l ,,,^1] 206.265 

.(jji^iJI ^jVl t_<S^ 4^>^ «tlJuT *U_cJ1 4*Ju^ L3 i£, (j^LtJI 

o-^ilt 4^13 op» ^j-I i^j^Jt ui^i j^l^j sjUj iMinute of arc ^j-a a 31 
^Utfl ^ 1800 ^ 1 jt ^ ^ ^ Ij^Ij ^ jL _^ 
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Oth 2GjLab cdJjj t ^LJ *U~J1 t> U>^u juiVl .Sirus 
iUll Ijuk V^djj . Ly **M\ £3^3 

f 3 A IA Ly l £ , j^JLua <—iS% j>« 2LU^« ^1 L y^ — £JI 

^ 3 jjJI<_ i 2j t >^f.jx^l |ju c p^ <_x_2ill ^c*^ JjJjj J— 

^ jJt r«\\ ^ aiL* cJlA j\ ^ «alto . JjM ^ 

Uj JUut oj^J 0^ ^ tc >^J! £3!^ JU 4^-^ 

^j^bji: q. ^ > C^^uj ^juli^yi cU^J . 27.664 

^..mi c^u... ii^ill ajjt <jy^>Z (1675 - 1638) 

cjuj * jlwIj c^j J* *U~J1 ^ U|>j ^1 fji^i 4^UJI 

tjjjJuji. S~>£ 1668 v-^^ u4J 

kw1.-« 5.j ,,.^Ji jla ti-jJL^ Lr k J*-"! cU^J So^j 

.43U Jt>8r U juu.1728 r UJI jjL^U^UI^lii-»^^ 
550.000 ^ a^UJI ^h^I JUiL^JLI cfi\ 
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j^Li Sj^Lc , ^ <-v J1 jljj-s>) ^ Ji^JI CJ — Ij jul^ jJJZlI £->-Jh> (j— Sj-U 

Ajt-Lio jjii. ?jxl3\ ^l>o o-LjS ^ SJLJJUUI <LSjd( ^jJl^jjJaillL^^ti^l 
•(<J*»*f Cr*i ^ ""^W l^aAJ L^lj^J <2_l£j>J( ^ cr uu (JjJlj) s: U wJI 

y a-jiiij Uoism ijU^i ji^ ,r. , n *y& susis La^juj 
<>• 180/1 ^d^^^^^ lOasjL.^!^! ^uji^jju 

j? '(f^tlll 4u2ai>. oI^jjv (Jrj-LcJI jjjw<u »U inti JaHj L^jl£j 

Stellar < sr *5 t UI ^lIsJI <_s^V1 juj^J ^1 Jjb . U* dr:;-" 
Jj^uj fd^Lj iAjjj^ ^UVl Ijla ^1 ^L4i Paralax 

Cygni 4^UjJ! jb^l . 1838 f Ldl ^ ^Lljj (1846 - 1784) 

(jljj 0.3136 j-A «tiuiij^ L_$}Llo»l (j t J a-jj '*J1'^ ^ J-^ ^ J *J 

oL^LiJI ijS^u* 10.3 4^1 ,„U 4^ U. lOM j2l\ cy> 

1^^3.4 jt t 4-u>i^4; m. 11.2 4^1 o t 2i!uj^J1 

(^■ ^nj > < <>»)?l Cr^ 1 C^ 3 ^ 1 U-^ <J^ ■>> Jjl jt j-aVl 

Li^l 0^ ^» (1874 - 1798) o>—jj^ 

j^l i Alpha Centauri jJI ^j^kJS ^ i 1832 ^LJI 
^Ij^j^ l^Mo^I J-^JJJ <>WJ *U — uJt ^ l^jU ... p jr tt| 

U, ^^211 4^15 ^ 0.76 ^1 juu l^iuii. ^) ^^Jl <>_^ Sjl^Ij 

jJl^j - (4_oj^Is 4.3 ^? *L*>j lit^u ^ 1.3 Ajz\ i ■■ U jjf ^JLfu 
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j+uuj . 1839 ^UM IjlUol 4jj^£, juu VJ (jj— "J^*» £J^j 

^jJI .(1864 - 1793) u^ JU h-- oi* ^ er-^ 1 LdUJj 

SjCuSJI Liu! ^>*ii) Vega £%J1 j— «^1 fWjJd ^j-aUaJI 

j>j^J 4!uj^JI oL^LiJI <jSJj <}L& Uiij ;(Alpha Lyre 

8.3 Ujjls 3a t a^ti 0.2613 _> bjjkUi 

o-* 4j ^>itj ts jJt ^1 ^ — «U! o^Jj . 27) j—uijja 

La^j UI o$i±>£ <jb-^>- 4_uaL>. L$ A -L*- > L*j| ol — ujLiJI ojj*, 

7000 _J jjjJL (j a Juu I jjjj^j — uJl ^1 u_»>St <jj ♦Cr-'J^' (j^L-ji^U 

LjI ^yjtiildj .2b i.t<t u<tl (U ^ <—£j£ Juuf — pju (^jJI «-a — %xts> 

absolute f V'^ jjUU gj-uaUI ^ — uij ^1) 4 mjli^t l 4^jt-> ... 4j>.jJ 

^j^ijji-j jJuuU L^jl*!^! <^t j>c (magnitude 

l_S jju cSUjjJaJI oJl& lC$\ (j^tjj .4_uUj]I ^jj — <UI 4 — u.ljj ^ 

i Lu!j>u L* lm y°i 2.67 ^jJl3 Lu Lc jlajj 4 — uxAj 4_jjL*j)l (JLh* — 6' 

£jj3_u (j^ 3 ^ 6^ j^a^l 'jiLd — <UI ^ Ll^la — ji^t Li*^>Aj 

cdJjj j-l-IUI <jL^i ^ V} j.^! ajj^,,M m^LIsJI L^Mli.V! 

(jry»JLsc2 — ^ ti jryiJLi (j-uLia \£j2*J> (j^ 

datj *U>aJ( 4jL^j 0 "<^-J 1840 Juu Sj^-lj — ^ JjJi^J LfJj-^J 

^ UJI J^Ujj • Lj>*lii 1^>L^I 60 LJ 1900 ^UJI ^ ^ 
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jj>i>^ W>^i)(^ 10.000 polisi „>4QjjbJ 1950 
120.000 ^uji UU ^Lk cjUM^I o^jLlia ^ 

.^jj 0.002 J^3 

5->Uj> Pula?! pXc 

- astrophysics lu£A*l\ *L>i]1 jf - ci^j^JI ciL_UJI ^ f juj <*J 

floit^l <_^u tjj^ «jI^lJI C*L*j — ijJI 4jIjl> VI 

Lbjj L^jI <GU .a^a! oli pj-jtill ^L^VI oL^ljjdl 

I^IlII) citkJI (jt < 5fr **A>j jj—^ «hn-wj J jr --"t 

otjjJj k 1 c^t binary systems 4_j5L£lJ! oU^kJJLt ol—^ljj 

4^UX1 ^UlilA^oUL^^i^J^^U^j 
4**U Doppler effect ( ** ) J L J j ^sb 0 t >jJb ^jl^j .(^ ,„,^1 

«LaAII ^ ^1 ^j^j | ^ cjLi^^ ^1 cilai .„4 j! viU j Jli* (*} 

jjo^JI l£KxJ| Jojki. j^s UJ1« LU ^U_mJI ^ iki jot Lj iU2 V*;f jjuj yillj 
oliUJI ^ cj^L^, 3_^L^| «uLuS ^ . -u_J1 ^ ikii J y; h 

a^>.jJ| j»». Jjjj ,red shirt OaklJ »1 j^JI 4*>-jJI ^ .-"-j L*, s.i.-.f, 



321 



4_jjLu)I tx> * t ! >j £ya 1" » m a at^J (_£ jJl »jj i ri 1 1 < n jtrt 4_jLilI 

I JUfcj . t j .^>«« Jj >. ^j^atili Acj — uu <_£Jua <_dLaJI e.LJL*J £c — Usjj 

cdJLaJl s-1 <^lr j^jleaj uiJ ^ySJ ^jljn'Cj i^j> ? 1 1 J^>- LajI Jua jjjG (J7 aJI 

liuJI (jjJLll g-lla.,rt 4j| (Jj^jJ -A^HJ *fL>^^ 3-lLa Jj£ ^LLu — uji 

^LojC. #.Lua3.V I Jj>jv Lc_d I j (k Ju-^j diLUf Cjj — !sl jj 

^^JLi Q>U.tj Lts£^ cjrULc C^jaaJl t JUb ^ JL*j V I Jl^Jj • U^j 

. % ^.C* 4j|j ^yJI ^Lusjjj t4»laAll <— iLaj <-upl j-i-l i Jjh. LcLLaj — lu\ 

4£^>Lc ^uajj LuLfJ La i_uj LoJlo^ t^jjatUI 4 ♦ j < Ir^> 3 Jl^Lj 5 j j ts>) 

pfl 4j&,tj JjLv Ij-lU j-zo^l JJUJ V JlS .^j irt iTI 4 — »»jJU j*$r*JLJI 

4-i wtilb j_coU*U LijjjJI JjJL>J1 4_L*jfct jJlIj 4_ tS JLaJt ^Lj^jjiJI t±^*_J 

i'iiii jJa (jj^t (j! ^ J^T Uj — ul>. I jub (j! juj .*U*jSJI — II 

^yC.\-^li^ (j^l ^JtJJ LjLl^-^ (jj^y (J-"J-1 * 1873 

*photochemistry ^Lc*_tUt tiilj juu o^j-^i *1898 ^L«J1 ^ 

Uj 1902 f UJI jj^dj^Jj 

li>-L oj^j 'o^-U^j^ 4_«Lv ou-ojmm (j^^ uj- 1 u-^J 

^tr ^*tj <r>!l JJJ ' -'"'^ ijr^ «CiljL^a 1 rtjUrt jLuajVl j^-S 1 a 1 j*s 1*^ 

(1907 - 1905 or^UJt ^) ^llui ^jub ^..i: 4jsJj t 4:yj ^^ui 
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lljuljj i \lXJb j^yA f«JC.jJt (_yicj .^JljJI *:Lstj I (J£ ^ ■ t i 

- 1873) jJL^jjjl yht Jjl^ Jjuv ^jJt jl>JI <p| <JbJLl jJt> 

. (jjLjj^C. Juuo^ja (j 3 l j<^ «a c< jlr (jldjJU (<U ujIjJ (jL£^ j II J 19 16 

IjjJjjfc j^JI (Jiujl LaJuii. 1919 ^LiJI <_yl=*- t-dLub <^-SjJ ^^-Jbujjjj-A 
JLudjJI I^JLa 1935 pLJI ^ «(JJLjJ 2L^U |jh r „f Vjf J**J 

1944 ^UJI ^ \^ ,, t j jiUi ^jj^jjj-* (jl ^ ^>JI (ji^j -0^— J 

jjfcj tdjL*jjJI <LlL»j jLc ^ — j t-i^sej ^I^J ^ j-oll u* I 4jt£ 

juu 1967 r UJ! 21 ^ 4_JJU CiLluUUI ^ 

i^y^LLkJI ju-ojJJ 5j-u£ <ji>L»aLl^o ^ jJa j . ^>L?Lt uiill j «Lu I jl\ o^A-la 

^jJLl JjuJI j — »->U 4jJLJL»JI ol£^>JI 4j1 uljj <jU j ^ I ^ 

(_flLi^V| ^ y, ^JJ ^ j_j p 0 — i V (jSUj i^LojSU! oUl ^JU 

. LijLfc JIjjV LuLSj (jl^ LmSj ^jJI 

<**L*j u-"j-s <^P* '^>j-j — "i>l>A 4_, — cuIJLj J UJI ^ U_o 

(JIj-A^jj. ij^ — Jij *-£JLtAj .1911 |*L*Jt t _ jr 3 (jjli ( (i (ji^-i (_*liiJI 

4^1 — tiij^l j — tHij ^ Lj c_a ^, <^>*j 1 1 <_ojw| 4JcS3j . ^-jj-<aJLll ^"jAi ^JJ*eJLJ1 

^L^JI 4_L^aj 4jjIjj t«-didJI *i — ci^. L*t>5j SUa^ej-d ^ (1913 f\ C.) 

i(HR <.U<i-ft jT) (Jjj/j — ^*>J — (ojjJ^^J 0 lrtjUV<ti ^u-u^JI ^ "'l; ^jVI 

^3 ^Jj. j < <ij3j>A 4 <i <hl 1,11 o Cj^TuTu I La 

(jSJj 1911 fLJ!^^ 
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^y» JjJlsg» -i JlC Jua ^JLt LujjjLJL^ -LoLoJlt 3 Ju Jls-JI CjL ^ SLuui r tl] 

<_a>UJI < - f " r , 1 ' *^ ibinary stars ^.^jjcJJI 3 <-Jjj> 

. 1957 jjI^Js 18 ^ gf""''±H J* lAh? 1947 




s 

m m m 

t 



1* 



+10 



+2-0 * 



^1*3 tdiiJI ^J^. L3 __fl magnitude 2ul£ <jj tiup. o^JI £j uaj i^jjJ 



Lu* ^j^uj *^j>^ ^JLosaJI ^gj&lll 3 j i^->- ^-J-i L? - * (0j^ £j — 

Lse-pe-uo (jl^ (jjj (jljJl (j-flJ^ <-J j-1 — i-ut-i > U 3'^ « N b lVn V 
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LaaLj Ujt , . ,b jJwVl l ^trttt j tl^il JU 9 it^oU (j>jS[j »1 j-q--»JI J 

(jjoL^ Ijjjlscjj Jj^at jjto L» I^jjlSj 0^ t'llntl *U1aJ o^Ujj (jjj 

g ^tn f n 3jl>>- 4j>-J-i <j\ «-flj-ftj Ojj-uVl ^ m-^tl ^IjulLt 4^JjJtll ^l^sJI 
<jC""' ^*JJj) ^J^J-a JijJol 3j>L1I CjI uiLj9 ^ys L*JL)Jl>«J (j^J <^t 

^iJI i( ^JI <>« d^ULl VI ^1 g-U ,vyi ^ LJ (jlUI 

«Uj-oLjj S^jL (jj^J f MK* ^ (j^JtJ oSLgjj . «Gjlj^w 4jvjJ 

jb^Vi ^v» ajjU jIjul! j^.j5 <gi^ y^uj 1 :^^'. 1 ^ - ti 

«Ujj i jA^dVl £c-La — "J I ^IL* Jfs ^yJ} JLflJu ^SLLs CIjLl^ j i U" j 

, 1 ^ ( n<ii 3j1 ja)! Lgj 4 <i V jt <( ■ " ■-?*' ^jej>JL 3jL>- ^*j^>ij 

(u^ jO 2jI ^ ciU jjl^J HR ^UjUVDI ^jJt ^ LLL3J. ^ 
^1 j S j UJI f^jtiJ! ^ — ^1 j| jG-*| ^.Ll jUzU jiai^L Ij^JU^a 

^jio jl^i jLui U , M a n jl* (jJUsji) r ^>ji 503 uui 4^<tt ajtssji 

ju^u "" u- 4 ^1^<>V| 2UUJLI SjijLJI ^j_^jj| Ulu >-U^ A.t| 
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4_jSLLaJt ^Lj-Ldll gLgJLtJ OUlA (jJb \ j 4 tt^i AjJIjlil ^jSJj . 4j — <_u_u ^Jl 

3jj^JI ^jlaj (j toL» ^ ^* JjL*^ c»-*J 2j — flU 3 — jjij Jjt 

ciAJLiJl <«JLc. j— aVl Jjt e^L-l J< I^jl^-i >J ^1 ^ Sj^LUI 

llLJ 4_lUL^3 jj£ saL 1882 ^-l<^<-<,ijj 28 (jjiijjj jJj 

3>uVl oA2Iij|j 1884 ^LkJI djjf tySjj . 1>iL>oJ t^SLip — luj^ 

. 1913 r UJ1 ^ ^1 afrjuiji. jl^j^u J^i . 1905 ^1 1902 
ju^sljl Ijjjla Lbjf ^-u-o! 1914 ^UJI .(jjjjb iLin.SU 
UjIj L^lki \j <nn J i > AU U ,^tjolg.l944j ,^22j>j— > 

j^o^eU L*_^j^ — c ^ Jjt j^) ^ksJ^C jj>^o> 4 — 
d ^£ju La Ja^t (jSJ j L^ytj i\t*\\ a>^J1 JMi- tiliaJI ^ 

.c_>^ LjUIj LuLIoj^ L^iu f L^I ^ a—^L&L» 

(1934- 1872) jOjj_u jj^JL^^yJj (jrG «faljT^rTJ (>» «jiJtzJLuoj 
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<J-4£J . 4j£JUL! 3 /C I titi 3 — j t <i ^eJJ \1±a} ^jjkVl «LaL^ (jrj j ^ Ml V.oi j 

3jaL«JI U (II — «J jJLuaJ ^y^jils <J^-J^ (jjlij^j jjjJ 4 j|jLi dJLA 

jjJb ^^Jt^Ju SJU*j ^aj — s^i j^LuaJI # j<>itl (jf I ^JLu jj^a jj «Li 

4jjJbUaJl ^Jalj-tl J — SJj ( j-«J tjM mi 1 1 ^ Ljj3 "JJL^ JL>- (j? *-* 

.t-aj<<Xtl ^Luf <_dJ j SjutLj'u.a ^jSL^jj - F t ^ -t) 5 — ^sbJJI ■ * Ih t 

^>SLJj i 1919 ^UJ( <1jjJo* ^Sjlil (>» ' « ^ - -"j 

1917 

C^ic e^ljJVI JUL*UI fLJ*j ^| SLullaj^! ZL^ajS^Jl ^Jaai»! 

WJI ^ju V oli) ti-sL^Jt L^utS LjLo. f^JU^ 

4\^*>J| ^yk. iSUali^ 4iaL»-Qj jj^JLv ^ULtJI (jl a^tljJI 
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A f 1 :^-M < jO__JujT 3«: jl m -v y 2LlajSL>. «iiSJu-J 4iL«_) Sjl — ^ 

(jjuiibj (j| — SU I — ojLuuf <"frtl^> (J^pJl alxJt> (j^Jj '.^^Hl j » " m >^. 

.((^ja^AIjT <_»! ^^yic ^L* ^1 ^Lif ^ jJI (jl — <-ujy I» 3JLtJL>Jt (Jsi q\£ 
.^lnJl JJUJj 4j>JLi-4 ^j-^. J^KJIj Jj^JLI oj^i O^J ^J->> 

^j^M 2LJLUJI vj^' *L£»W 4g».!'ktt 4_JJU (JUJI Sj^a 

ji^Vl ^yjk Li^juaj jj^Vl (j^ RH <Jjjjj — £J >j — «iJj^J 

!^2, jjjltl JojLuoJI J^uaij 1 jS\x- Jjjv^j |4-%HI Joil^j . IjrtU (^i — t j 

4*U£ j^t L*^J . Ji-UI t^l e j 5 ^ J->Uf t^^ 1 



cjLJLlJI jjj-aA ti«jjL>JI jJi£, \jbp£'j> Lii! — ui? *_jL — uiV tdJjij <l jUr 

(jSUj (- iiir} t JLl iUl.^ij 4__JLc 3jl>>" ^>.J-i ^J>^> Jl» 3 J — 
2L>jjJ Lul Jufcl u±a ^yk: l uajLuAH ^uaJJI l>^W 3j!j — » — l*l>- 
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J*** 3 (>• tj^e 0>^->i j^Lj .(oia>Ldi iai ,wt ju. 
ci^io ^ n,, ,t , t i Xr jj^ 

Jj^j «Llusj (j^4J l — « j'-* J — J- — "illJI (j>iJI ^ *G| uAjjij (jJtJj 
0$Jj ^ ^ l^tf.^j^l ^ SLpJI j^Lj „.nl! 4xj>U|j 

<>« f 3.6 o! M - U I jj 43^1^ 

^j^i J^a*!] ^^ u-^ ^J l ^ ..^SU ^ J^^^aui ^jjjIjJI 

h±)^k Ui^ subatomic energy «Sjjdl oLijla L^lj U 
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^UUlj JjVl «jja*^ d?^ tJ* subatomic physics Sj^JI ^Ujl* 
(jrCulL^ SL-oUJt Siin.itl 4j>^L» (jj^l t*J 'odj-' 1 ^ O^ 1 
^ y, 0 ,Mt ctf*jL-N 1920 j— u 1 1 ^ 1 — 1 

: J£ {Uftll ^ 4^0x^1 4^1^ ^i«lt ^US»-Vt 



4i&JI ^ j£lia . jju-JI I Ia ^ ^LuwSJI *L^k. 
Oj^l £^ <120 ^ O-^- ^! lJuJjUI AoLtf: ^ 

.4 J^^jJ^lJ^jjJlajjJb 1-008 ^jo^ tij j— H 

^ ^jJ^Jl ^Llk^»l JL^ 4^LUI 4^£ < - . , m^ U^ 

4j| Jl> 2LiJ> |(M <>• <> 5 lili -C^JD^ 1 
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t..1Wt ij^tuaJI j^lJI ^^k. M ,„j oi^I 

>UjUm ,„v f^iit ^ ii^KJi j_u^Uj cjij^ 

5— _p^Lj £ytj -uy^- jjju^4> 4j jSJLI j ^ — >j ^ «2 jUI 

j-iii 4^ j — « U_« chi^Vl (jro ^_*^JI <j* — d, ^ (jLS^ t5ajjL>JI 

** — ^j-c <_a — m i < j < n i^jJI JjJjJt (jli Liila^ .2 — i LU I t_tjj 

^UjUVtt l ^ — (jjJI ^ <JLi_Jt,t (jjJJI gjj-aj <j t jiijJL ^jjls-j 
OjJ L^uS lili . r> aU3l ol*L-uiU ^ UJ >LJ_> J_L«; 4_3l j HR 

Lr^l ^JlP' «-l^ -i! J^Lal <jJk stLuxiII ^ jUill <_u uu 2Ll£>L>. t(jjxLalll 

<>L>J1 ^ 3 rtl"Va (*>»o Ju-aj Jjj^L ^ ij _ ;r jj > Sj JSIAj J^Vl t^LC 
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^ j . ..j' jjb cA^ U 5 >LiJI ^ W>33 . J j 

- 1846) J jl j4 4__o*>3j c3l j^il ^ jJlj ' c , JJ'?»^ 

. 1826 ^ UJI JjtejU 4jl*U- JU^> jX \ >}JUa c-^-»' <1919 
^LJI Jjjadl J^L* o^J 'f^J* J,taU1 ^ ^ 

J!U3 tilliJl ^JjJ LiLi ^Vl <CU.fr I c^3 'OS&L**^ usA^' <>» 

.L^l^^o^ >^^j-j-(1938- 1858)2_J^u^UJj 

^j^uaj ^1 jlT (J* f £^ 

oljal luU^Lu^ c_JUil jM; X* * J^>M O^ 3 c^-^J^b 

udlaJ! «ya 3jJ^ ^ QA 5j— 

cUb^l (1921 - 1868) e^LJ o\ ,L—iI1 

i ^ tJ ^] <>* j- 9 ^' JjO 1895 f L ^ fcJI 

Cil j-uu l-.j mm L^Ui ^ilj *3j^iXt W» £lAe 

b» i il qL.u,,,V Uiib» 2Uioj ^ L^UJI 4^*» 3a^1j 4ilaa 



f^?^ 1 * :j -^> 0? <-a>*i <>^j .4_3lj jl^^^ 

„U.j .cruUlj ch-^JI o! j 4^ ^ 4JCj£ «Cepheids 

' « "^ J «• 21 jjjLj (> ,1784 r l_*JI 

l^'j ^ a ^Lh* ^ r L^|j £^ oLU ij^nif 

^jj 45U ^ ajp ^ic 4^UJI oju* Ulu <4jU, U j? 

Oto^ WlfoVl lAj-c <t ^s>jSJI DM^U ^jL*^ 3 1^-*** 

^^ujj j^li ^ <^ls£ (SMC) ^jjL^jt 4jL*_m, ^ 

c^iljs 1912 f UJI ^ ^ t 1908 1» UJI 431»^ ^jUI L^U^I 
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2ub^ ^ 6d>^J ^ e^^-U r^Ljj 

SfcUJI cr^ i_**-uJI ^J^J -iSA"^ 
1 4 * rJ »i3t >^ 3>Jlu" U>W^ ^?^— O* 

J* ^ J* UWJ L-"* 2lLu=^1 olil— 11 ^ ^1 ^ 

^ 4jj1a o^uJ 4_>L*^_^ ^ e^i 

rJ *ilJ c^UaJI t> -^JI <J*fH <J\ ^ L — it 

l^LuLd juu c^c ^uit r^V 1 u- 

"<3*> C^J LiLH^» 0*-^ ^ ^ ^ 

4,>.. ; jtjijA ^jU^ a-^i ^» ^ ^ ^ 3 ^ 

J£ .^>^1 o-J^ f*^ 

^LL* ^ ^ c*~~ jt c^i ^ — ^ <^ 

^ Uaj ,uj jiiai a^j^ 6^? ^ ^j 1 -^ 1 
^ ^j) ^jL^ "^j^ ^ a^iMi oUj^ ^ 



Jl-1 I II I 



,-. : A : t a-.z\-< \ ^ jJI period - luminosity law ^Lu^ii 
^LiJI aUj. ^j^j .1913 r U1 ^ ^Uij ^ ^-i^ 
i^aT -"^ .ob ^^JI p* ju-^jJI oUUii o>j 

. 1914 j»Ult cAsLJttj a—UJ! ot jjj^I » JJ> ^ 



>*j) 5_L^ 30.000 Ujj^ ^jJLuaJI (j^U 4jL*_« 4iaUJU 

jL^VI ^ ^ui ctu^JI ^jl^UI «(^^ ^ ^ 10.000 
liu, 170.000 oL^JI ^ ^ ob-^VIj jj^l ^ ^Ui 
cry^ut^^L-II e'JJ* jlI^j .(Luhn >a 52.000) SUS^ 
a^j^ 4^l_ 1000 j^Vl ^ Ua^oIjlhu o"J*:« 

Jl^U^Aj.Lui Uaj^^^U!^0.6^j_« JUj V jl*_JI IXa 

j>*iJij jIj^VI ^^Ua» a-JIjj <Jl!u£ t L^fj o^-JL-aiJ 

.a:Lui ^ijj L» (j-^iJi juc 

O-* £jl. tVi m l J^J L£L*_4 JjUcf j j - - 

cr^4f -^l? J^j ^*^> L-L*! Iju* ja^j «tuLijSLcuilll 

^i^^^^^^L. ^ Jt (1938- 1868) J,.*^ ,L? 
j^L_^ ^ jVI oIjUXIj JUI ^ oUSL. j,i„v,U >_pJ1 Ja! 
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^ ^) ^jj^atj 100 oji^ o^Lc 

Jl^j 1918 f UI ^ t** ^ eS^J fc* 3 

1 ;^ * Jj^J ^ jojbL- iAljuj 30 ^Juo ^ t>j^l <^3 uA^ M J* 
- 1889) JjU ^4 ^ o^ 1 L— LJ ^ J*** 1 e^J 'Oj^l 6^ 

.(1972- 1891) ^Uytoj^j (1953 

,(1972 - 1865) cA?l— i ^* Siuj^Jt aIojUJI ^LiJI 
^ ^liJi jlLJI t* J***' ^ J^J 'J— lW 1 —"^ 

j* I ju*j . 1918 ^ 1908 cy> ^ os-^ks 

jjlijU Ju^ >X l^-i jl. jU~J . 100 >_L*2l! ^ 

UaKJI SjUi— «VI ^ > 4__L« c^U* * 1921 ^ L^J! 

* jl-ijl»JI yj< ...hit *1 U».l3t ^1 c*Lul£.*l <>> 

\ Q \* r: U*) o-jUj^ aJ^JLJ JiU^ l^jL- tfj^j .Lyrae 

(>» ZLati-Va o! j (j^J «""^ ol J — 
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«ttjiiiftiMir 



Luajf a^>3 (jSJj .ULUI ^ <-MfcJ t^aJI f t jZj* J "V i 
L**jw Jiuiijj 4jl_oJ! — ux Cooj Sj^j^ Sj^t^U.*^! 

j^u-^Li < h ,v^ ij . ajLDi vj-^ J^>- ta^ juj fri^rtti^ 

j*i «Lcoj^ 4jb a^LUI ujjj «jf 1920 r UJ1 J^*j tZt^eJj 

10.000 L*, j^uj a:LUI ujjj^ oh y > 100.000 

1^j^4xUj!J!^j. (4^^2^30.000^ ^Jt^g^ 



i. 

i ii, a 



4JS3j .(^^ 9000 - 8000 ^jl^ji ^jji y) ^i^i 

28.000 _» jVl «L*^ j jl5j ^jJI) 5 > _^ai jlzZS Ijlk Ui^ 
^4^ V43|31jLsII vj j ^ jli ^jZ^^+^j^utj* 

^oZJ ^ LisL^j L^ii J**: ^Li jt ^ JSt j! 
*L».t Jib ^jLc a ^UL, JjJ y ^UaAJI ^ Lu£j£ SuiLSU 

4x^U C > J ^ <jL5J1 J*L*. jj£ I ojLj *<QUiJ| S 

jLS^VI olfl ^UU^ JfLa) JJJI ^ ^jo^JI ^ 

4j_^j) SjLlUI t_»jjJ 4jub jU^V 5 ^jJL^ oUjJtaJw L_o| l^f Jl51_mJ| 
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I*» fe>u 



Cy> ol Ijj^f i^Vl o>u*]1 <^Lu* (1942 - 1872) ^ JS £ 
a i ^ ^1 jj^o JaAJL ^ Spiral nebulae 4_^j>L>Jt a^ju_^^l ^jl* 
L^JLa (JJLstUI Jjj^fcj — ojj L^j^ Loj^o (j| <14 jcj * I jl>. Sjuajj l — 

o(j-Se_a (jrJJ «Sjj)j>. 4JjJUj (J-*lJ (jLI A J^J9 LhH^ 

r jL^i«t .1924/ 1923 „LLi ,2u^aJl J^U Jio U^j 

4jJ <Jt^ >1 -' ^1 ■ "^J '^ t - a ^ 100 djJaiS V J** ' "1" (JjLj* 

I JujojjJu) 4j^J^pL>Jt M 31 p r.iL <-3j-«J ^-=t-^> cr^Jl)^ 9 * (V J — " 

jf uJ\ p ...i; LLp-f L^-JI jl—.-njj) ConstellationAndromeda 

4jL-sI U cili j <>» J^Vl j . (Andromeda Galaxy I jli^j jut s j. 



2b! ^ «tfl— £— " 300.000 cxiL ^1 UjLu! v ...ti ols 
^ 700.000 J\ aal ,,.U J^j jj i I ciiJ j o- 4 juul I jlwjjju! 

4J <jh__ pj ufli — <1j^VI Ijufc (.yit JjLfc JjljJ — 

^ Lu iLul^jtil <">1a1 .«M jju/LiJ Sjuju>. oLiiSj — <-ol ^jj 
.supernovae pl^rVl oIjjlseIII j iSj^tilU ^^^i Jj^o j oLU^. tiilj 

tliLla J^JJ LJlo 4j1 Lre.ua I j ^-ljus! tiUi ^yic L . . »j 1 n tjj t^- jt^i >\t 
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Jiu) a^Lc^it 4j^l!iJ| olj^l 2 l^L-T ^ r ~...j 

lij^ , j^ji ais:^ ju 

-uoiel^l ^1 oUaLJtl ^Lio opa *M 31 Jlla LU LJ!l» 

j ^UUI VJ aJ (jikJU ( w^hJ| ^j^UJ) oy^ (>o Sj^o 

Sj^l angular size ^jl>J1 (a **JI >a SLSj^JI ^ ^OJUJ! f l 

f**!* cr* U- vj^t W ' jJlS^I I jjj **U-«JI 

t^ljJI ^a^Jl^ja^ U$i* o-SUj 'K'^ 2U5T 747 Sj^SLL 



S>ljHI oU^ai JjU ^L^AJI ^yCuJj ^ai^l juu a.^ 
oj-U^a cij&a s^l^u 1 1924 - 1923 ^UJ J^U ^tij 

<>m o^j 'ijjifi. 5>^» - vj-i u? i t^jJi jj>iJi ij.^r ( # ) 

. jix.M£ l«L*u <^>k ^Uj «-ij-Jj^ 3^1*» 'Oii^ crL^»j 
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, i Ijuk <yja ^ci-jJI ^iil 4j£j*j i^jjjjill CjI jJeJ.1 L;r ic tljLfll — utX\ 
jt ^tx^ <"tt_> L t *~"t | JfLa ^ya t 2LoLu cZilj ajali ti>*"^ fi-JLua 3j> — jLl« 

(j^jLljS dj^j^ JAao Lfcta jj^w V e^lJtj Jjuu j I — *j! 

(>• ^1 *>l^JI (jr Ja «t >^Jt cjU->.jJt 2L_Ji: ul uT Mi 

^(1969-1875)^1 i tt f, uAgWJibUfi .VKU^jl^JU 

aJJt (jLi 1 *t m S * juLJ—oj i6j i^i c LL>.jJjjSj tl> J — >*\ j* — ujj 

(JjLajJI '_■>"•* fij, u£ o^jJla ^ J-?*- 1 (j-* 3jj)^_tiaJLj 4AlJja Qj /tuli I ^J_<jJ! 
^jlmt,! JuX. J&J <G|jUU» jl JLU .<LaLu L^LJdtj L^Lllst 0^ 

^jr j ^-^ j j lU oLJaj mi c ^JjLa La jocjI 3j — U-^t l 
jrtjl.H O^LS 1925 ^UJI JjL*jj . Lg—^jJu ^1 ^ju-JI ^1 oUl—^JLl 
^ (J^ujjIIjl; (jy^-j^-J ur^ 1 - J^-J '^^-«-^' <jr^ ^b^* 3 - ^ 3^3 ^9 

^ -IA T . tjJLj^ j_utll 2Lsej!u L^jl diLa^iitil a'\&\ ^«jjUtt j-i — LailJt 
. LLaLso ^jbjiil ciJj tT< 1 n m < Lk. I JLUU ^LCj , < n J tiJ >3el! ^, > inti 

^ j^LiL^j (jSLcj tPJI ^jujJI cjLflL-aJ,l tj-oLS ^ oj — «-«Lsjjbj JjLa 

M, i*-»-» L^jLa^Lua ^yk. — c t h\U\ \ J-iLkj (JJ>1o (>1 1 — 4J-t-aj 
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• LSjI— ^ l^j^I Ij^. J.A2II ^;*r ( l)( L, Sjujl^ *tajj ejL^>>.j 

<Hubble's Law JjU ^la ^L, <j^l 1929 ^UJI 

S^d ^Ij-o^JI ^>.j J ' <i>u, (uj-^L«>a jT ^a) <uLi ^ 

^L^VI £j&j .«Ljj J&UJt! £Lu^j 0 ! ^ La 

WaJI Jjta*) a^IsUJI ^jla ciu^ UL^J ^1 Bj^d! a^-st ij 

£jLcuj j! jj " ^jUJI 3^ jjuIj tjj^JI ^Jutla 

Ol^l^ crySVI 03>JI j? J^JL j^A\ J^ Ji_T 3^J| 
j| - j^dl Jib a_uiL>Jlj gjL^uoJI JaISj Lup. Lu^ j^j . L^UJ 
(jJI crda^i^ 1 ; jjssJI ^ jut^LI Ijuj 1 ^ 

^3 j^^ai uflSjii Ujuui idJj^ 4 L3jj Ja5f LuL J ,«AVj, . t .,^n a_ i ^ J | 

L5ij Li^ Ijj*. 4^ t la^jua:! ^ UaI ^ISjj ^L_».>.j Ujj jbiJI oM^I (*) 
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...tl JLtU-oIl 4JL>. claatdjj *4jC j — ui JLay j-fcj Lijj <Jii4 LiL 

Ijl&j .4-»LJI a ^fc;tt uuVL^ t( jJ^ ISLuKja J^aSj^tl ( _ r _fl 
<^lAnT ^jJ^ <j) eJLa ^1 j M . ^t t <-fll A<" < „ V oj^-ii 

2LuaLi*) {yjJLi L^J Jl£ ^ylll 5 jujUJl JI^jVj .^jjj-u dj|jL>j) n — lm] 

Lm3 *uj^' J*£. ajujIaJ be^Uj 1 JuJla Ll*-»j ( 0 Mi<«t l £*JpJ1 

.^Jt «LLu-cu ^ jJ( JUJi^Jl i4jaLJI AjjJalJI tfj-uiij 

g-t ciUlj—i t-ula lJ^j j£ o^J '1915 ^1 1905 c^-^l 

jjuj .j-jjjj a^Lv jb jj^J 1909 r L_^il 

JjS ^Ijj ^ 3J_l>. j 5 j >IiJ J-*£. ti-a». i 1911 fUJt (fl-J^lj&l *Li>^iJ 
^jjjj) ^ ETH L>.jJ^£ii] utu)t(A\ ^IjjlAII jl^aJLI <ya L.rVr * aJjj 
.1914 f UJ! (jrd^j ^ Oili JUu j-a^ul j x(X>-u^ LJUs 4uf> 0^ ^0 
^ (jl^ Ujjaj 2ULJI 4jj^j ^1 CjL^-oLjjJI ^j^J 

1878) 

Li^^jjjSiU ( p.„ .„jj.MI ^ «U >Lwj jU—^j^i. jlSj *(1936 - 
^jjJI orji ,MjT < 1912 ^UJI J^bwj . UJI ^Ui_^VL 3^ 0^ 

iy±> JSi 4^UJI 3 nrwTti 4j>LJ J\ahtfs\* jLa^A <UJl3 ^jJ( 
L*j-**J J&\ ^JJ 4jvUtJ o^l J— *J jbuVl er^Wj l^ j" " ' H U^kP' 
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oL^byi ^JLc (1866 - 1826) jU^ jLi <lU jLM ^oJ! 

CjIjj! (ijjjelu.lj 4_UL2tjJt1 ^jjUoitl Aj-uJlLA <_>«J j lS-^I j 'V J-J-uLJI (jjJiJl 

non- 4jju£J}U1 ^j^I ^_q_cJLI) ^oI^JI ^ gjiJI IjlAcJu-o^J 4^1^ 
(s^^m ^tflLoJI £6 J*Lu o—^l b-k" (Euclidean geometry 

Jilil t> _^ j^LUI ^JLI^ ^ i| .Jj^L «U 2bju£jMJi 
^1 a. M , i; d T I ^I^JI ^ (1855 - 1777) cA^> J^K 

<*iaLzixi ^iji^vi ia^ jur. 4jji>ui ia ^jjJi .U jU^ u< f .*u:o 

^ jj| ^lU.^U ( M .» ^jJI jjfc <Gf ^ ^>!l ^^Li <4_JiUaj * l r* ^ 
(1860 - 1802) ^LJ^, ^ ^ju! ^ l^l ,v,<t 

****** 

oLSVI j£j <1856 - 1793) v < --V" ^ j^lj 
^^Lij 4^JUa jL*j| ^ j^JU oUjj jUol Jl*uj . Sj£ ^U.m 2L^alA 

^tJ^W ^Li-^jVl <j^» JUJ ^j-uiJj 4^Ju^J| JSJ | wL^t ^^Su SLaLc 

. JliU^ 4_p»^J1 I — SLp* 4^yUl SjJuBVI 4 tiiJu^J! ^aj ,. t .|j.^t| 

plU ZijA^yL ^j^JLI fJUJI ^ ^ ^^cj < 1854 r UJt 

^jJl <(1879 - 1845) jjj-^^LJj^iLi^l cA uM^JI 
Sl^j^ a^lj^UJI ( J^ i 1867^L^iJ| ( I i ^jjL^ ^jJIJjUjjc-jL^ 

J^abJ L*L*f Jj^liK L^ajitLu/!j <(J — uJ\ ^j-A <<t ,n \ U^iJ 
Cr^ UJ^J 0^ — " cr^ UJ^' ' rti^ jj ^ijjl» Jxb^f (jL JUij ^j-Jaj 
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1*11 fcjU 



sl a^UJI 2L^JI U 11^ !j3 1870 f L*i1 . (;;r i*iil 

1 jIoLG «0^1 ^ ^jjj^ t> 

~t U., .j" 1 1 ^ jJk ^llm Sj-JuuaJl JM^U 3jJiLi* ^tJo 

t f3_J1 .« ^Ju^ V 4 ,,.,ii«n 4jjL»JI or^IjiJI o? I j-a 

oj^ u^j c> ^13^ t 1 ^ 5 U^J U, >> 'o-*^ <>» t3 - sU1 
L*^ tt ^J>L* j! jia! am>- J>*— ^ 6* u^J 4 ,st >>- L - ^ 
jdj ^jdl 4 ,«rt> f UJI (J— cJt Jjj^ .ol^L-^ 

3A>.tj J*- U«fM c^l cjVjUII crUi r «\j . 1917 f LJI ^ 
ZLul£L«y ^« .n (J ( 4aiu 3 Vl Ujjj^ WtfiT <iUi .4^3!« 3j^> 

^1 Lr ^u ^1 ^ <>»j .oljUiJI * j^l ^oJI ,«^JL. o^i^TS^ Las (*) 

* .3uaVl jJL ISjl* 1919 ^ Uli (> aj^SJI i^ljjJ a^U^VI ' 
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4JljL^Su^aJ| j4 (X) Iju*V 
^llfti-ai Ioa Sjj^,) I — « or) "' «W J^Sj ^ jJI j «Constant 
*3->UU ^Ll-V I <l^1 £^1 4oilSUI ^ 5^1 ^ 

<jtj ^j^U cnl^f cjVjLw ^Wij .«^jSai cLutill» SjLiVI 

l^*J J— ^ ^Ij 1 1 JUuaV lU,^ ^ 1 ^ 

5jUJ I jj^j t^^x> Lu^L) Li-^j < ^ ,V? (jrO-^T 

aP-ALT^VjUIM^ Ijl^a^ jj^c-i-^l 1917 f M 

JLi*>JI Sjiill ^ ciU^f ju^j .t^J 4^l£JLl iSLJ^l ^jJI 

^ ii.IT L^jj ^ (1925 - 1888) oL-^ j,it ,,<tf 

l-i^jj sjo^ai oij^Vi L^^, ca^j 4 oVjLl*u j^uji 

cn^_^T ^ 0 l!iT U-) 1922 f LJ1 ^ ^LlJ| r<^lzu Ul^f 
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juji aj^j .(jj^J u^* <^ ^ ^ ^ ^ ^ 

^jJb ,(1966 - 1844)>W ^ cA^M» ^ Jl 

^ J-^U oh cVL-sVI ^ • 1927 f UJt ^ 

1925 ,UJ ^ ^JjLij a>^l cLL^A* ^ 3 ^ 

.(I ^ H ^ ^ U ^ ^ ^ ^ 

L* .ttL^JW ^ L£3 a>->^l o* c^P W. ISU 

^ Uj ^ >^ <^J * ^ & ^ 

ct,JL»U V i^Jl *1jM«H ^>>^^ C>T ^ 



J Uli 



^ ^ cS^UI ^1 ,LSt ^ *\**\ >J M • 1917 f ^ 

6 » li** ^ W? U <^ " 

U^ ^ CrWi ^ ^ y - «^ U>) ^ ! ^ #<> ^ 

5j "iJUU- U S^^W ^j^-Ij vUjjJI 



346 



Cosmic 2LujS3! SL^JI UL*4 j?) Primeval atom ^UjJlUI 4_JjVl 
4l£ 4^ JL. oj-CJI t> ^1 SjUI J£ * jlJI ^ dj-Ji^l ^1 (egg 

jJ^illl ^ J-^j CT Ll — t- ciliiJI #Ulc 5_ulcl Jj? Juj 

<Lm — uij Li 5j|ju J^j^j J^UI (jlSLaVl ^ (j^i-J <jLi 

Big bang model jUiiVI o^' 

^ t Juj o^j) j^LcJI ^dUIl ^ 

j^L$lt <_>uAJtlll 0 — l^jjJI <jJL!j ^j^Jl <ul jm^.ijI 

c^JL_<ilj cA^U (1968 - 1904) 

Ujfte^t jL-a-jVl ciLU*J j-AUI jj.„^tl I j^j jLuj Mgj^U 4,KLA.« 
Ljfc>ajj jjjlJI 4a^]jj£i]| Sj-jIL tfo.rtTcv l ^jjjoJjj cJjj» 

4j! Ijjb ^^yliu» ,5j — Si£. Jji\jua Ljj>2j JjLu Uai. ( <j^| uijju L£ t 4_i4 
lj| (j^Jj .(jVl oljJ U* ci>Uxisf Sj — <Si£. £j — «L JJUli^j^LIl (j! jj^aj 

aju*) 2uUJI 3jj,„;TI ^j^^JJI ^ S,, u" mi U 4^3^ I oV^mi LLajiitl^l 

tt_flLtAbt Sj (lil tuJ J J-4JJ JjSUI jt'"-'i J'* O I «^jjL4 

-U^ajj jjjJ 4j^b — uA\ Jj-ai oLlLuujVI ^ Jj>A Jj>3 udJLaJI (*JLt 4SL_u< ^lki^a (#) 

• (j fi 1 1 1 1 JllIi? 



347 



Vjj> 3 - AJ-^ jLJl* 1.2 ^1 *^ s^^kII » ^ 

<*\ - 1919) ^jl-w j^i ( 2001 " 1915 ) 

JUjL^ij "ol^ujVl J>U ( **\ - 1920) aJji o-Upj 

^ Ijju^S . jl jJS-^-VI j-^J c-Sj^lj f*-&ml\ jM^ 1 O-* 

U£ ^ Ijl» <> ^ ^ ° f ^ 

jli. 4JU. ^ »<*»j>^ ^ cr> ' Sa ^ 5jU ^ f^ 1 

U^La^LjJL. Ijuk IjUfj.Cjl^fciJl !>Ui 3aja>. Olj^» 4_}ia oj^ 3 l^' 
^ Vjlj ^ J£ 3 J_^l j 3j j * J >Ua C*jU5 J^_ju jL^S 3jU1 u* cr-^ 

yfc j^lj JMi- c*L5u oj^' <> ^b^ £^ t>t J>^ 

j^U. Radio Astronomy ^U—^iVI dIUJI ^ 3jjjj>J1 <_jI_lL3U1 

Ijuk CJL+Ly '^Lu^SJl ^1 j — *JLl ^ 4^Lk^ olj^-o <jA *J±$k U— *3 

<> <^b -f^ ^b^» ub C^^ 11 jj^t*^^ os-ZU 

.[sj^l] 2005 10 fi:} jtjuh^ okh» c^i 5 {*) 
.[sj^dl] 2004 jjIjj 22 ^Jj^ ^ Jjji i^i 5 (**) 
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cru cLLkJ! udJj^ S*\^\ ^L^J ^- 

Ort-uJI ^Ju- Jjjl« <_>____*_) JN-tJfcj i^jSJI _s_u_ 5L <_<_» <j_<Li_j 4-_>L>Jlj 

SjU: <> Vj 4 Sjn^ Jt ^ 1 j_«_b - a__sui ^ 10 1 3 /« 

£-j <4->jJI O- 4 ^3^" Uj£J1 -J->-i A. ,11 o>^l 

6^ L^l <>» Uh-* f J-il ,„ jLU 16j IjLL» 13^ L« 

^ * ( ***V^' f^J U* ... o» 

-__*u)1 dij^L-. J^l^l L»J_U=. JU*J JjS'rnt l£Jj>U <tK I JL_ <jf 

.<G|„ fnfct«t| jL*__»_1 ___ _jl_JU Cr *l*J! 

. Tunneling j>i_J1 ^ — t-L <_i jju J}L_- Alpha decay 

•J^j^i (#) 

«iL.L___.JI J* Ij^jijj V I j-aj .Cosmological Constant (--jjSojIj j^j • ... 
c_*>. ub 'f J--JI S---T J-wJI Ij^. i__UJ1 cjL-^UI c&j Oj^JI >*c ^ i^UJt 

fr Lj b^j^jj^S-l jv_t V L____ ^ ij .4jL_J Umc Lal _Wj_ri LW IjLAjUjf***) 

i la* j^_JI (.ujJI ^LiiL <__UJI «.Lj^i-JI ltuIj- ^ cULmj^ ^LJI a J; ...:t | 
Crylj- t-Lt *Lo L__uL_uT L^L___*. .jju Lw_ ^j- __^_u- U_ jU-f «-«j— »jj 

l>« f^-if oj^II j-**, -^-1^ jji-_ <_-LiJI *bj-i_Ii I( *_il3_JI ic j'-'^^ 

<K ^0-11 j» Joj ^ j__i> jJL-aVl ^Lill j fu^Vl ^L_JLI ^ jil jUl 
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.iL-K c^J o^J W>2 ^U» <=*W^ Wa^J 

laj! J 231 ^ * ^-^ jMSJt ^ 

^1 *-t«<* <>K u^i o*-^ < JUJI <^ <* bU 'er-^b^ 

.a^t Ll*^ f\+Ljtf \ \±* 

pOMj&l ^L^j ^L^l <> «CUAI^ <-i>--U 

wl. ^1 ^U,VL, .J^U oI^L^j^j .(1997 - 1922) 



■LiHi h d 



Otf U2kj J**U UjJu* U rl.M 1944 f UJI L^jIJ^ 

il^U <> J**J1 «(1948 f UJl <J> J-> t^JI) *b>*^ 
okw*3**y fWb <> i ^b ?tj^ 

^IjlJI ^ ^JjL^ij . 1943 f UJI <> jJS^>>^ J*^' 

^ <>jf .^uji uj^l ^ ^ L - iJi 

Lfc> ^1 4Juj1*1\ <*\ J>^jJi ^-J-i cr 1 ^ J^* 11 ^J^Lt L^ljJbi 

.[ Sj> ai] 2007 u ^,nM 12 fJj> iit tiilj ^ (*) 
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(jc£}\ Aj^j t LgJU (j_?tj (jj^Iu — Zl\ 4_uL <i/Ctl jjuoLuJI (j) . ^ j j 1 1 

Jjl J-i-t-iIo £_«a i4jj)jj (JjLjLaj j_tatflj (Jj! t-jjpb i i&r. Juua JL9 
«Lloj^ CjLxjjJjiJLI jjja jju£ j Ji S 1 ^' <Gl t_fijjuj . Cj^ cLLo 

j jiaj«j oL«$Ll« LdJb (jU j j. a jja! jj <j£Jj * l ^ cjLI jIJI J cL&i 

£-J jj^M < nhVfl ^ J>l j^Ui cbjL*j Lu: 4<i'/<^U dLs ^LuJJ ^1 uu^l 

CjJL*j . LaLc. 4^UeaJI <jiajLfl a ^j^ty/ij 

tj^>iaXt ^ j! (jjj |4£.jJI ^yLij .(ciLj^pSLI}) IlLu ^Luij c-tLt^jl Jjj^ls 
JssJj — cjLj^j^^I (j La i^jSU ^L>J1 3_i\JLl ^ ol jj^ja-dlt (j? 

j-uauUJI Lua j»J <,Vt Lr^'j tOl—j jjj^jj CjL Jjj^JI JLjJjlJ 2ULj-LsJI <> j £j 

j^T ojjji>j S^Luojj ^Jjjj o^ju^t!-*) Deuterium ^j—jpjjjJI 51 

4- ^1 Jj-^*1j 3- ^^A^\s L«j>53 jJI J£ CJ^-^i9 

«i^juaLg, ^3 !j 4j ^L neutron- capture jjj^^iiJI - j 

^a-I fj^jil iHiLljJJI l — «vlaj i Ll^j — jo j-^LuJI ^Ll (jj^-iJ Cj—tj^i 

jj-iLUL ^.^^lL^JI jj-o 4ijLfc ^bjj ^Jjj 4jUt1l d j & (j! 
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(*El. i^jukU o? 3*-* (*J J**f) J* 1 ^ ^j-— VI 

jLfc^lt ^jjld-^ JJ^^jS! lju*j .^d 2.725 irwjj j-Lpj 

f.UiiL ' ^<<- j .d >r>a jLiLa 13 jJtj Jua * JL>. SjjJ — «1 

SLjIjlj^ LkjJUua* LajtiJL^t jL^IMJ J1 cdl3 j^l* 

OjSJI jU^t - •-» j*2l\ gSLLb ^LkJI u^V' £>T 

(t^jjlJI c-lj^joJI) j-usUaJ! SLcLcjus L»^UUV* ^ 

5 (>a Jj£ <>> 2LiJ>» 3 j-Zlc.a CjLjI^JJ ^ j! U$J L» O^J — "J 

>3t j ^ 5j1jlJI c.fulj .^jJlUI cij^ 1 chW^' cj! jo-j 8 j! oI j^vj 
^ ^»ti jLj.iS^U jl*iS^U 4lu^JL! AjU^JI 

J^JjJU^Ji jJLu» J<j .«K ^ ^_Luaj 1 jjj *(E = niC2 (jru— <li)T ^IjUa 

ijUl ^3 25j o^^jj^I ^ 75 (>» L^j> — 
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<±*_ptJ dJ^Iu Jjtl^j ^ Jjuasw Lul^^-^^A^itjj^jj^ Im.M 

jJ^J JcLiiJI <>a jLjji c^j 4jjJ j^Ij^ a? ojLH5^' 

^-^5 i-o^^l 8 ^^.iljjaJI siyi^&j <>*_JLijl SjU^tl Jusj 
^^Aaj ah—^j^^tA ^_Ll£> (^U! I jjj . 4- jU ^1 y ^_JJ 

JUjj *J-^1* ^jjIj UI 3j£a < _ ? —A *3j1^ J— ^1 UiSJj ^j^l 

Laj^£. ^j .m m i 1 1 (jJj^J (>c. ojKflf m i <M ^"m m. I .^Jj «j^UJI 



( JJO^ ^ L-uLwiT <uf (^fjj ♦ t j-u^- t fuJI ( j^J CjT <Gf (j^lj^t mi<'iI ^IZL-u-ul 

ajO^. (jj» 3 ^ ^yi^S lioJI j! 3 CJJL) JLa^ t^jrip Mitl Cj U ( „j 3j| 

AlUJI ^JjL^i^A ^ iJJj^Ju (jj/Lill fjL> LoJU£.J ,.<\ \ 
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juuaL^ <>» <Jdbj j... o inti ^ ^^Vl „j^Jt ^ts^SigStuJI ooa 

cy* asm ^ 5 l^I s w LuQ * y . 1920 r uji ^ rJs! u 

♦U^JD^ 5 ut* T^jj Ujj 
(^jj^ll Slji) UJI c-U? c^l ct^' J^^l 

^ Tunnel effect jAJdl Sj-aU* ^ <gLU^>. lJsj^U j— <!l1j U- 
jLj 2L£UJi *L^iJI fjlfi J*.l j ^ alfc juuj * 1928 r UJI 
^U^jiji c^UVl 4l^jj (1982 - 1889) oj-^^ju> 
. ti^tj 4\>j ^j-aLc Ja£. (j! 4J Jj-l^ ^jJi t (1966 - 1903) 
jtUj^I JL* r >»ill 6^ c^L£JI ^j_J 

4_JbJI oUKtl; ci^J! Us&l j . oU ^JUl ^ cjL-j^jj^JI 

L^LU (^^2^JI ■iUs&tfl «'l ,,14" <jb cP^ ^ cr- I i 

Cr^ gp**? J l 0^ J^^W .^Lliil 3jXAJI ^ dj^j.«4_-^^ 

^ r,A\ Sjl j^. <_jU**J *^Lj>^' Cjy\j£ f j'-*-~<<« \ o^U- 

jAJt Sj^kUi oj-i u— « o& ~ ^ Cwh 15 y*± - 
iJjUai -Lu^gSLIl jJaUUI Sj^ ^ «-.UT. obi ^Ul J*^l V o^ < I J-^ 

c^Ljjjjj-iJ( ^UjuV 2Uj>U( Jai^JI j SjIj^JI ^U-j-i isjt; — ^ 
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Ijub <uL^^ jjjUujJ 4 2L-jUI J SJI SjjiJi Sblju £_* 1926 ^ L_*JI 

*>!>*Jt ^-j^ <-> "'jt f 3*^' u?*^ (jjjLii jUui ^L*j v (>»j» 

t_JUaj Oj^- 1 ! L? — **** SjLuJI oJUfc 3jLc ^1 UI j L^iijj . . «Sjljj*. 

tiru (Jal^lll (jM. £j^>$f <JVjU tiU j Jj^I j-d> U 

«U* W 

J>Uj .ay&JI j^LuJL 2ui£ u „, Atl 1928 ^UJI ^ o^>^ 
1928 f UJI J$j ^Vl I JLi ^1 ,^,11 ^1 U- * L*jJZ 

^ juu ^cju) i jij „mm , jjjii a^u^* inti axLc 

U^L-j 3M ^ 2U^U (1979 - 1900) o^jflA I, L ,„,, „ 
r> »iU 4j^JI iiliVl ^Lj^Vl ^ J^L. r. A .Vrtlj . J^j 

L$jf C7^*" '^h^ «LAaj OjtMj 'OrJ^-jjJU^JI juLoLt£, <Uic t_JL*j 
LfcJ- 1 ^ 3JL"J-H (jrj-a-LdJ Sjjj^a J — «j L^fcjlii CJj ju (jry* 

c^L-^l ^jLa^VI cOUJl ^JL.j (1995 - 1905) aij-^jt c^j^J! 
u^^l Ji^u^ J< ,\i (1999 - 1904) L^U f 



a^u ^ oiP'^j '3^1 j j ">"~ A ^ u ^ 1 u >^-* 

^j^jl^JI <LJ£ ^jdt jj juu ^jJ jJatjij JjU c^j ^Jl 

, %,^ t V^Wj- 11 2L£1AJI Ai>^ ^Uk. £jjl*1u,I ol ^ M .<*S^ 

jt) ^jjjua duJMt j 4JL^i ctt^filt Sj^JI fL*^ 1 

«u£j| j f t Ijuk „TnjUtl 0^ kh • J^LLd <^ J^' t* f J-^i 

j^>o o>lcUiJI <Ju^-> ^ fjbJ&>* IjO^j ^Lh 52 ^ 
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< l&j oU ^1 jl^V! 3, ,„;IL, J UJI ^ 

<J*^J ^^ylll (^jj — Lll ^-ajJI CjLLu: c? — 3 4 'm 4u cojjjJI Cj}L_£.LilJI 

jjLb (^JU ^ — L: 4_; — uijjjJI CjL«jfcl uJLl cJuL^oj . LjJ>2j JLsJj Cl3 j 

Sj^VIoI^I^^^^lU^O^^' - 1912)j^Lul^ 

3^jJ ^ IjJLssj (jt g (jrjMlof J I — SVI JJL*. .(jj-UI *ZjLojj^j <j a 

Proton- proton ukl* ~ uj— Sjo^' 31 Ua1j^| ^juj .a^LUiJ 

(j^jjjj^j ^ o <>>i*i j .(j . i^ r «I I Jiu J^l^ LH*i^' j£.LiiJI J^Ujj chain 

3— A jjjS^ILi SljJiJI i» J A £_« ^_>-T tJJJJj^J ^Tr*ilj Lajirj ^**) ^J__ujj 

^^ISji^^Ujj^a-jUi ^t^^a-uiui ajUjji^j^ij 

t< jnn <**i] l ^j^. SjJ.1 i nirtij Sj^a l^ll"^ Ju^Jj ^^lll jajpeJlJ ^l^aJI ^jJoLJt 

<.tjjjj£ CjLjI i Jij-^-j l*i ( nj Lm> <<Uo^Aj! JSI ii (jr Li <Lulij| Shlgttl 

3-2j^iaJI (3^j CjLIjjJI aJJb J LlLaj j ^ -s" CjLjjjjjj J-*l— <^3j 
^> iSj^ ** J^*^ (j' (_y^| lj-icuj .^j^LajjjJbj (jj — *« n^lf L^jJj jLit tjT lJI 

(jj- 1 o - * °jJ-^\ ^>l-^j j^Ioj 4JL5l!l tiiLIjiJI ajub (j La «So! 

J-1^jj .CatalyStS Olj n-r^< 4_JLuL J_*ju jj j_uuu l^.j.lc ? j U : 

ajj^i 13— (j^^jZjl) jJjj (•jlhjl/j 3^LJolj * 12— 4__j|juJI 

.[ij^l] 2007 J^t 28 r j^L^«> J 3(*) 
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^jjl t ^\Jui\ juj^i 15- (£*^u£\ jJjj 14- l^jlAP *\y <Jl ^ 
S^LubL jl - fllkJI Lufcj . 15- lj^jlP^ Cf^f 1 OJiPdifc ->>^ 

i^jJI .12- O&jZ^^l jG^ UJ? 50^- SlyJI uio* 

fjJL* Si ^ ^[ C^_!^S CjUjjj^j 5juj! <jf ^aJUJl 4_^uUl iij-^t 

.f>*uil <>Lb ^j^l ^1 ^ijo-Vl ^ ^ fO-SUI <>* Jj> J^nV .t 

^1 SbSJLflJI ?lj)-taJI pU1*J j^tJI >uojj t^b. ( <L-^J1 ol j oLs^JLJU 
J^o <^J 6- t>\l^j£. tfjJI £jdt j-^ o^UUill oVja» iiSj^J 
1 1/* iJ&$aIcj <jU >jjJ>J j al] Ci\ — tutjJ C>ir tn jt USj . fj^l J»1-* 

ZjLiej ZjL>. J2jV1 juloLuJI Jj—asiJ «mass gaps *Jj£JI Cii^fcjS» i «o 

«idti ^ IS<J! oM iSj-i * ^ ^bi -f^' <>* (^t» l)T 

SljS ^ « a*ij u V C 1 ^ 1 ^L*^-^ W*) 4 - rii U oLI^ 

Jclzl\ juj^i 8 - jjj 12 - 6* h""' " i a 

dlliJI <j±t SLu-LiiVl j 3 jLaUJl ^i>JI o^U-j . iUj B^Jai jj^J 
«Un„^l> ^Lj^iJI Jj2i U£U y . 1953 1> ^Li^l 

iL3 5MiJ! - Lili ^>LcU3 ^jjl^ jluu 4jjjJJ1 pl^h^U ^ 6^ 

oLoUaJI eJJt JlA <jl cjVUJI 2LJ£f ^ J^MIli .f^iJI SLp. (jM 
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jltit *U*Jt 



u b Jjoj* iOj2j^l c^ljSJI JADI 

5l>^> o f J^L9 - Triple Alpha UJf jJLtl ju t AH 

Jj)j La ^jbj i(jr) — jjJI p__o,L 4iajju» 4 n ,->!_>■ ojjju^slli L$J 12- 

Base energy ^LLJI lili .SjUJI Js> JL&Vl S-flUaJt 

Oli ( j^>>Jc^ *>*l c^L-Vl Ui^Aj 3^ 

O^f fJj . 4JSUXi ^ (5jJLfc>» gUjui) l^Luu UUlj! <jj£j tduuJu 
J^c-jjytf UjJua, OriJjJI Sj^oj JLlL Uji L> i>aLc j| *<jr"» W 

cryj«U 12 -u*L^of^>^ U*>*i. j-aVl jbjj^j.12 - u*i>* 
Ji>* t^li .f-UUI jujui fUj Jiljjj djUiiJ 3j)jL5tAj 2LLJJW 4^Uo jj 

J**j ^ jJl t ( 1995 - 191 1 J^jLi ^ ^^iJI ^L^l p-JU 
.a^aibJjjjfcUlj Ui!^j^Vtot^j.l2-o^i^3l>i^urujJI IX* 

4SLLaJ! ^ j" t r . a JLt£. j 7Tt t <t"\j IjUaj SjuIjJI LgjiUfl 12 - (j^oj^^a 

Ijla JIcjj .(Ground state jj-^JI p .J. ^ij^lj) 4_jjucUJI 
<>» J^ 5 ' jh^>Uc Jj^>o (jSUj t_ij^ j_cui ^jJI ^-LLill ■ *"XVI 
* J**!] oLIjj ^ijJ jilji, ,j| U ^ <>aj . <>b 

aii^yi y t 20 - l^I 16 - o^-^t ^1 12 - 05d^ <>• 
l^U U^^Ujjj^I aiUab Drip-feed j^aUL» ^jj^Ji 4±^\# 

j-iJf t < M"V*> JLi^ ^ (jjj ( LusjIj (j^jUjJ^A jjjMil^l Jilat 

UJf ^L» — ,5,1 ^! Jjjijilj Jsa^ (j' ^« LiP (>» JST Juli Jia^ Ijl* (jf aJLi j-jJo. (#) 
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. (ojXj&\ 5 jjp L^t ^LUaJI <>« 1 j—Aj) oL-«HAj 
( - 1922) s-j^uj* ^-->ijL.j ( *\ - 1925) e oh«jm 
g-li^lj . ( ** } 1957 f UJI JJM ^ ^ L^Mj 

f^*jJI Jib ^J>J» ^LaJ^t CjLU*J ^AJI tj-Aj 

f^J^JU^JD^c^ AJ^I c^i jul^LJI ^x J^>J LJ 

V ^1 Ijub O^J l£' j' *fj*"^ <J\ "^W UJ^ j' 

Ju2 juj^JI obi ji <jV ^ * JyJ^I 0* J2&' >^L^Ji U >^ 
0 V dlfej.ttU» JSl^SLw^Jt LgL^^SjUU Ij1^2a-I jSSVl JSLfiJI 

CiUjill ^UjV Ajjj^I iSUaJI CjLI^I Jib ^»l>3 o' L**! £^ 
<>* fgr.unVt J^ UjUC Ijuk tbjL*JJ . U ^U^Vt L> -\£. 

S jl j^JI jlJjj <^k, jjL2J1 i^j^UI IajjSj ^j-fljj UjUv 4jL^i ^1 

( lj ...v» ^ ^ j UU Uilis ^ jjSj ^j-i) L_4jJiLj 

J^*Uj 4alSl!aJ1 4SUall ^ CjLl^ 3 i U n dUi it>Ju*j LoJucj 

3jJL JLp-^JI ^1 £_£u u' ^ 3U*^I j^l ^' o' ^NJ * 5 J^ 

2010 jrfli* 26 rJi ^ {♦) 

^i*». «_i jju5 . Jjyfcj j_Jjli *£Jljjj^ .^Jluj^ ••ti^^l Vr4b^' 3-^3 Oy*$U u.) (**} 

. B2FH SjLuu aSj^JI LdiiJt cUlt 
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^Ua^? aILU! (supernova *Ja^Vl jjl^UI 

J* L^LJI l4j.lV) m, t IJLA cJu^i ^1 ii^laJJt £iUi)1 <jf 

JjO*J .^j^t ol^** <yi (^jjJL^kJ) SjjU c^j) (*ia£.Vl JJL*HI 

4 <>» vj^W>?^y ^ 1987 ^Ull <ya jlaj^ <jf 

<jT UJ Jtjjfj {«Ja*,t «.j^f I JLAj - ^j-fSJI o^L» 4jLt*- 

< h ,v? ollulIi ^ ^rujj t <jSLm ^jJli ji^lVi ..^j^ * 

UUi^p^uaJt U*^^^ \n*«n j^T^i^^? LU l:.U- ...1 

• 4*1SJI ^ JSL, ,^151 s j>mJI J^?j <j^LLJI Stlij 

a>Ol ^jjSU» <>UUj CHON ttt»OH^*j 
J^fj J^j ^1 ,>-,rf L» Ijuk Lj^j 

^H^J f>>*^l cM-i^ cJ^J U^l^il ^ SjUI p£ 3JJL 

oljU^SVI U^j ^ds^Vl ^ f>> UU 4 T fn - I.^At l 



363 



****** J* 



jU ^aj pJ J«ll <I>a^jj CiLi^a 

t^c a< a_^l^> 2L2_l£* ojlaj.CHON i>j£ — *^Li 

...t t „U3 5 Jj^ 4jjSLoJj ^JLJLc. Jj>. Uju<i cjIoj 4jW 

^uji ^ r ^ vij jj^t oii^^ui dUtu c^nij 

4a!>Lc V ot 0JL>— * jJja Iju ^ jJIj *Li*~JU j— >-I jl— . 1987 
5 ^1 ^ J__^ jl „11 Ijuk ! Juj i^^U 4^*1*11 2L-^ljjJL «U 

.^otr ^L*! ^k. t£>£JI 4-lJjJ O-*^ cr^ 1 

*5LpJ1 <>JG U ^SVl =W,Vt ^LuJt ob 

•Uit J* ^-j^i CHON - 51 l^ 1 — ^ c> 

.^jj^Vl Cll JJ*JLI C3 — S-^J^* '^JJ^* C^-2> (j^J iOj—^ 1 

J^&3 I j^j Oj^l cr^ ^LH- ^ r=-J^ ^U^l W 

jjjj ^jU <jT «-ajju .De Revolutionibus 

^ji>oj .4U.,ijXo SjjcI ?U>-tj Jj^ LT* 
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l^iljt Xa ^ jjju ^jJt-Lllj — .1)1 <jtj (jjSJt jij— « J — issj ^jVt 




NGC a^t 41 
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«De Revolutionibus» t_>to£ jjju-» j-a q^JjJI < ^tn'ij <jj>* ^ 

LiLiAlj i «La J Lili <Luua»J1 (jj^-ftJI (_£JUa Ju*J La cJ* jju Lua 




366 



Jj <4_j.lL St__U »1 „ebi jl JL*JLI 

<yi tj^jlaj ^-jlJI L^jlj 
p4&\Ju**\ jJb c p* Ijla^^^j 

ti^uji jUJVi <_>__) js. ^j^jjj 

J£ j? «> ^jJI . jUttL 



^ ajjb** jjt ^-tj a^uJL jsVi ^) ^a*Ji jj,b 

i^jJI ^ Ijuk j I dlj^j . Jb f Jl2j L^k, 1 — 

2Lt^^a L2l* C.^ I j J <j£J <<jr*^JJ (J-^ 1 ^J-*^ ' — <^J> 

£lj j-^. cyJuV t(J Mift>l 4j >l^l U I jjt o V dJUaS <;Ujj& 
^ JjLsJI <_JLJ {y* jJ& j>>>.jj Uajt <jX-j cM tf^b • vj— "J' 



^jjtiJI <>» <-i^3 ^fcil (^u-ij j!) * Ijj^j oi 

fJUJl £jjIj 4-^lj.l ^ Lr*^ 6^'^>" Ujj . (^J^ (_>-aitAil 

cjLstju»! (^Jj 4 n.ntL 1.1 1 j j3$J U llui 

^JUJI jUa 'c'^i' JaL.^ ^ <*U1I jUJl (j! 0-« ^jJI J^J 

. 4_ui jjlsj-aj a~\L> a Jpl rt-w. jo <>nj 4j| . ^ V mi V jL>o1 *jJb_$s* ^ «Gli 
^J? 43li ^1 <j*Jj ^1 jk^l u^> C)T O* l£>^J 

p ^. 1 -j < *L*i*JI (jSJ « jjL oli 3^^U: * SJT^JLlII <j1 iSSLi Sjj )U i . «! 
J^j - Jl^u (jl^ juU .SLSl^JI 2lLi2^J! (jJi Vj^j d**JI U^>l^ 

oUUIaVI fjA JuJuJb (_>-^t ^ <Jr* flj — ^ ^J-^ " ^iJ^ 1 
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«oljjSJ I » o*. 0j£ ^Ujj 3j£a tsr uai j ^ ,4^»! j l^lus >c j£ o^f 

. 3jla£> U^ili ^ ^Ijj £>u»jJU jjki ^JLkL J t f_JLdl 

0^ ^ilpl *±V kAHJ . dlft J^o" LiuS^ fU_L]| 

IpUaWI t Ud*JI c,bl>^VI o* L, jl^. J| J,„nl, jjdl oT 
JUJ! ^Ij L^f IIiaj t< UiU^j! JLl ^LJ| U,> fl mi j ^1 .SucUb.Vtj 

-J 4-ud*J| 4i£>J| oT t^l bLpJ 0*^ lcs ^LJ! d^tJI ^ 5^ j] 



.u V opALT 4^ jjL*!: 6 ^ cj^j 0 ) . jll^ JSLA^ , Uf olltf 
CiUUtUI J£ 0*^ U t? *4j > I^I JjJ^O-* juuf jjj^ Ji^'^y 0? 

oj^U £*Li eJ^j |jjt cJLa ojSu oi CH*« 

. 4^ *i^t ^1 oVUJLI o- ^ c^AlT 4^ ^h»^ 

0>** jJjj cr^a^; #J^*JI <Jli«£ * J^Sj <jf 3 j r >^aj^> 4_uiS1j 1^} 

^ Sj-^U a-UJI Jfea tc>< ^J| J!u ^ ojj^ JU 
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Jo^iuJI Ij^J (jT J» V^-J' J **>*AJl Jc {ya <j*\Ju}\ Jo^ja—ui iija 
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.S^iJI J^djuJ ^ . . .n'. Ja JSSt ^1 J] J| «-, 

u ob .a^Ui- a^L» ^1 j^» Ju3 2usi« jsu^ ^La diJj 
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